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THE SYMPTOMS OF INTESTINAL TUBERCULOSIS 
R. J. ERICKSON! 


The frequency of the occurrence of intestinal tuberculosis as a compli- 
cation of the pulmonary form is quite out of proportion to the frequency 
of its diagnosis. As it is known to occur in some 75 per cent of autopsies 
on pulmonary tuberculosis it is obvious that its presence in the earlier 
stages, at least, is often overlooked. The only definite early diagnostic 
method that has been offered is that developed for the X-ray by the work 
of Brown, Sampson and Heise at the Trudeau Sanatorium, which has so 
far been found accurate as checked up in about 100 cases at operation 
and autopsy. 

The symptoms usually described are those of the terminal stages which 
are of little value in diagnosis or treatment. ‘There is almost nothing 
concerning the earliest symptoms to be had from the literature. In fact, 
our knowledge of this disease, as far as it relates to symptoms, is quite 
comparable to that of pulmonary tuberculosis a generation or more ago. 
Consequently, an exceedingly bad prognosis has usually been given. 
Present indications are that, as diagnosis is made earlier, this complica- 
tion will be found to occur much more frequently than is usually thought 
and to have a much less grave prognosis. 

It is hardly likely that a sharply defined and easily recognized early 
symptomatology will ever be discovered. The most that can be hoped 
is to discover what should be regarded as suggestive evidence,—evidence 
that should arrest attention and lead to more thorough clinical and X- 
ray study and the institution of treatment in the early stages. If this 
seems but little to work for, we can say that the study of the early signs 
of pulmonary tuberculosis offers little more in that disease. Close study 
of that disease has changed our ideas of its prevalence and its prognesis. 
At any rate, if the symptoms are to be of any help in early diagnosis they 
must be more closely studied than they have been. An asymptomatic 
onset of intestinal tuberculosis doubtless does occur. However, in this 
particular series we did not find one. The value of making an early 
diagnosis will appear more evident in a subsequent paper, in which we 
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shall discuss the treatment of these cases. Suffice it to say here, that 
there is evidence that treatment is not futile if a relatively early diagno- 
sis is made. 


The present investigation, undertaken at the suggestion of Dr. Lawra- 
son Brown is an attempt to determine the manner of onset and the group- 
ings, sequences and duration of symptoms. The material was obtained 
from the study of 100 positive cases, and for comparison 40 cases of non- 
tuberculous intestinal disease complicating pulmonary tuberculosis, as 
determined by the methods now in use in this community (Saranac Lake). 
All are living and were interviewed personally. These were made avail- 
able by the courtesy of Trudeau Sanatorium and Drs. Lawrason Brown, 
J. Woods Price, S. F. Blanchet, H. M. Kinghorn, E. N. Packard, W. B. 
Soper, Edgar Mayer, F. B. Trudeau and J. N. Hayes. The X-ray records 
were at my disposal by the courtesy of Mr. Homer L. Sampson at the 
Trudeau Laboratory. The positive cases were specially selected only 
in so far as was necessary to get connected and intelligible histories. 
The negative cases were such as were thought potentially positive from 
the clinical study, but proved to be negative upon further study and X- 
ray examination. Considerable selection was necessary here. A strictly 
consecutive series of the cases studied in this community and found nega- 
tive would not be comparable, for so many cases are here studied by X- 
ray on the slighest suspicion of this complication, and many patients 
have intestinal X-ray series taken as a routine measure. 


INTERVAL BETWEEN ONSET OF PULMONARY TUBERCULOSIS AND 
INTESTINAL DISEASE 


The time elapsing between the onset of symptoms in pulmonary dis- 
ease and the intestinal complication is summarized and shown in the 
following table: 


1 year to 18 months....... esa 19 


Cases 
‘| 


SYMPTOMS OF INTESTINAL TUBERCULOSIS 3 


Thus in two cases the intestinal preceded the pulmonary disease, in 10 
per cent it came on simultaneously, in 30 per cent by the end of the first 
year, in 59 per cent by the end of the second year, and in 81 per cent by 
the end of the third year. The period of the greatest incidence is from 
the twelfth to the eighteenth month after the onset of pulmonary tubercu- 
losis. This indicates that it is a fairly early complication. 


PREVIOUS GASTROINTESTINAL HISTORY 


An attempt was made to find out whether the previous gastrointesti- 
nal history bore any relation to the incidence or type of this complication. 
In the following summary only such symptoms are included as antedated 
tuberculosis for years and were not likely to be symptoms of the present 


disease : 
per cent 
General digestive disturbances (indigestion) 18 


I think that we may regard this evidence of previous disease as higher 
than usual, and thus that it may have predisposed to intestinal tubercu- 
losis. 

Of the 23 cases having constipation only 4 mentioned an increase of 
constipation as a symptom of the onset of their intestinal disease. In the 
remaining 19 cases the onset was with the following symptoms: 


Violent combination of many symptoms. 4 


On the other hand, of the 18 with old digestive disturbances, 14 had a 
marked increase of these as an initial symptom of intestinal tuberculosis. 


TYPE OF ONSET 


The onset is usually marked by more than one symptom. In the pres- 
ent grouping, for the sake of simplicity, we have named the onset from 
the outstanding or main symptom. By insidious onset is meant an onset 


+ 


with slight symptoms, which might have been thought not to be due 
especially to an intestinal complication, such as slight pain, some loose- 
ness of stools, some nausea, etc. 
such as fever and malaise, are given as the type only when they did not 
seem to be explained by the patient’s pulmonary condition. 
in the remainder of the paper, the negative numbers are reduced to 
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percentages to facilitate comparison. 


General types of onset 


General constitutional symptoms, 


Here, and 


POSITIVE CASES 


NEGATIVE 


Diarrhoea. 


General constitutional symptoms.................... 
General digestive 
Severe combination of many symptoms.............. 


per cent 


34 
66 
25 
16 


per cent 


62.5 
37.5 
17.5 
12.5 

7.5 


If, however, we classify these cases again without regard to the severity 
of the symptoms, for example listing some looseness of stool under the 
heading of diarrhoea, instead of as insidious, we obtain the following 


figures: 

POSITIVE CASES NEGATIVE 

cent per cent 

General digestive disturbances.....................0-. 15 15 
General! constitutional 8 2:5 
Severe combination of many symptoms................ 4 


It will be seen that the difference at the onset between the positive and 
the negative case is more in the severity than in the type of symptoms, 
the sharply defined onset being twice as frequent in the positive case. 
There are several significant points of difference, however. 
tion dominates the picture twice as frequently in the positive case, while 
diarrhoea is relatively more prominent in the negative case. 


Constipa- 


This, as we 


Al 
i 
il 
if 
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TABLE 1 


Incidence of symptoms in positive and negative cases 


TOTAL PERCENT- PERCENT- 
PERCENT- see AGE AGE 
AGE OCCURRING OCCURRING 
OCCURRING INITIALLY INITIALLY ARILY TERTIARILY 
66 6} 5 | 36 [32.5] 19 |12.5| 11 | 
Nausea and vomiting..................| 52 [35 S| SP 7| 0 
General digestive disturbances..........| 47 137.5} 5} 5 | 40 |27.5) 5 /10 Zt O 
TABLE 2 
Concurrence of initial symptoms in 100 positive and 40 negative cases 
GENERAL 
CONSTI- | 
PAIN DIARRHOEA AND TIONAL 
VOMITING SYMPTOMS 
per | per | per | per | per | per | per | per | per | per | per | per 
cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent 
| 17 17.5) 14 1S | 3 125 
4/0 8 |25 5 | 0 
Nausea and vomiting......... 14 4; 0 7.5) 
General digestive disturbances| 13 |17.5| 8 | 2.5} 13 | 7.5| 18 | 7.5 13 | 0 
Constitutional symptoms..... SP OL So Th 
TABLE 3 
Duration of digestive symptoms in positive and negative cases 
NAUSEA GENERAL 
CONSTI- DIGESTIVE 
PAIN DIARRHOEA ANI 
VOMITING 
él 
per | per | per | per | per | per | per | per | per | per 
cent | cent | cent | cent | cent | cent | cent | cent | cent | cent 


In this table cases in which symptoms are still continuing, if less than of two months’ 
duration, are not included. 
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shall see later, is largely because the diarrhoea is overshadowed by other 
symptoms in the positive case. At least we can say that diarrhoea at 
the onset is of no special differentiating value. Marked constitutional 
symptoms, out of proportion to the pulmonary disease, and a combina- 
tion of many marked symptoms speak strongly for the positive case. 

Before going into a detailed discussion of individual symptoms there are 
here inserted in tables 1, 2, and 3 summaries of the comparative incidence, 
concurrence and duration of symptoms. ‘These will be referred to in the 
following pages frequently. 


INDIVIDUAL SYMPTOMS 


In discussing individual symptoms the terms initial, secondary and 
tertiary are used to denote the relative time of appearance and have no 
relation to the severity of these symptoms. The initial symptoms may 
thus be cramps and constipation, followed secondarily by nausea and 
vomiting, and tertiarily by diarrhoea. Severe, moderate and slight are 
relative terms estimated from the patient’s description. 


PAIN 


Occurence of pain 


ACCOMPAN- DEGREE 
IED WITH 
INTESTINAL 
GAS Moderate Severe 
per cent per cent per cent ber cent 
Total in negative 42 10 
Character of pain 
TENDER- 
CRAMPING; NESS OR ACHING VAGUE STABBING BURNING |DRAGGING 


SORENESS 


per cent | per cent | percent | percent | percent | per cent | per cent 


ene 5 3 3 2 
20 1 3 1 1 

Total in positive cases......... 49 6 6 5 5 


2.5 


wn 


Total in negative cases......... S225 5 25 5 5 2. 


i 
i 
h 


SYMPTOMS 


OF INTESTINAL TUBERCULOSIS 


Location of pain 


LOWER | LOWER 
Ss Cc 
RIGHT ACROSS | ACROSS | | | BPIGAS- 
auap- | DIFFUSE | UPPER | LOWER | | | 
ABDOMEN |ABDOMEN 


RANT RANT 


per cent | per cent | percent | percent | percent | percent | per cent 


16 11 6 5 3 1 

Total in positive cases......... 31 21 10 é 7 2 

Total in negative cases.........| 12.5} 10 15 15 10 10 


2 not given 


Time of occurrence of pain 


wo 
EATING EATING A.M. ONLY|AT NIGHT P.M. MEAL — 


per cent | percent | percent | per cent | percent | per cent | per cent 


1 13 3 10 1 12 
0 13 1 0 0 1 8 
0 3 0 0 0 0 5 
Total in positive cases......... 1 29 4 10 1 1 25 
Total in negative cases......... 0 15 5 0 0 0 20 


12 not given 


In no case was pain entirely alone the initial symptom; it was 
accompanied by other symptoms, chiefly diarrhoea, digestive disturb- 
ances and nausea. The accompanying symptoms were much the same 
in the negative case. (See table 2.) 


Summary of facts regarding pain 


Pain occurred initially in 40 per cent of the positive cases and in over 
70 per cent at some time during the disease. It was usually accompanied 
with gas and was severe in two-thirds of the cases. Its commonest form 
was a cramping pain, located in the lower right quadrant, and occurring 
after meals, at irregular times, or at night. It rarely occurred alone 
initially, but was usually accompanied by diarrhoea or nausea. In the 
negative case it was less frequent and much less severe. Though most 
often of a cramping character, it was more likely to be diffuse in its loca- 
tion and not to occur so characteristically after meals. Accompanying 
symptoms at the onset were about the same. The combination of pain 
and constipation occurred in this series only in the positive case. ‘The 
duration of pain was longer in the positive case. A duration of less than 
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a month suggests a negative diagnosis, while one of more than a year in 
this series was always positive. 


CONSTIPATION 
CHARACTER 
PER CENT 

Severe Mild 

per cent per cent 
28 9 19 


In 9 positive cases constipation was the sole initial symptom, and 
existed alone for from one to seven months. The symptoms later 
developing were pain 4, diarrhoea 4, digestive disturbances 4, and nausea 
2. When not alone initially, digestive disturbances were its most fre- 
quent accompaniment (see table 2). Constipation in the early stages 
may be severe enough to suggest the presence of obstruction. 

In summary, we can say that constipation was an outstanding symp- 
tom in one-third of the cases, and dominated the onset more frequently 
in positive than in negative cases. In overa third it remained a symptom 
for over a year, and it can remain the sole initial symptom for seven 
months. There seems to be nothing especially characteristic in its 
association with other symptoms, except the fact that in our limited series 
pain and constipation together at the onset occurred only in positive 
cases. In general, we think that these facts show that constipation is a 
symptom of considerable importance and at the onset more important 
than diarrhoea. 


DIARRHOEA 


Average number of stools at height 
8g 


POSITIVE CASE NEGATIVE 
ber cent per cent 


} 
j 
j 
{ 
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Time of occurrence 


POSITIVE CASE NEGATIVE 

per cent per cent 


Bleeding occurred in 13 of the positive cases, in 6 of which it was a real 
haemorrhage. There was slight bleeding in 5 per cent of the negative 
cases. Diarrhoea was the sole initial symptom in 6 positive cases, and 
remained so for 2 months in 1 case, 3 months in 2, 6 months in 1, and 7 
months in 2 cases. When not alone initially it was accompanied by a 
large variety of symptoms, most frequent of which were pain and diges- 
tive disturbances (see table 2). 

Summing up the data on diarrhoea, we have the following facts: It 
was present initially in a third of the positive cases and occurred eventually 
in two-thirds of them. It remained the sole initial symptom for as 
long as six months. It can be of any degree of severity, the majority 
having from three to six stools daily at the height of thedisease. It was 
most apt to occur in the morning, or at irregular times during the day. 
It was present at night in a sixth of the cases. There is nothing which 
especially differentiates the diarrhoea of the positive from the negative 
case, except the duration. If the diarrhoea continues for over a month 
it indicates a positive case, in a proportion of six toone. Bleeding from 
the intestine is twice as frequent in the positive case. Real haemorrhage 
in this series was present only in the positive case. 


ALTERNATING DIARRHOEA AND CONSTIPATION 


A persistent alternation was unusual; but it occurred temporarily when 

a diarrhoea was clearing, or when a constipation was becoming a diar- 
rhoea. In our series it was present twelve times. In only one case was 
it initial and. persistent. In that case it continued for two years. The 
rest we have grouped as follows: 

3 cases had it initially and it later became diarrhoea. 

1 case had it initially and it later became true constipation. 

2 cases had diarrhoea which later alternated with constipation. 
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1 case had constipation which later alternated with diarrhoea. 

3 cases had constipation predominating with only occasional loose 
stools. 

1 case had diarrhoea with occasionally moderate constipation. 

It was present in 9 per cent of the negative cases. 


NAUSEA 
Occurrence 
DEGREE WITH VOMITING 
PER CENT 
Severe Moderate Marked Slight 
per cent per cent per cent per cent 
31 12 21 9 11 
Total in positive cases.............. 52 17 35 15 22 
Total in negative cases.............. 35 5 30 > 1 es 
Time of occurrence 
POSITIVE NEGATIVE 
per cent 


Nausea and vomiting occurred alone initially in 3 cases, preceding other 
symptoms by six months and one and two years respectively. In the 
other initial cases the main accompanying symptoms were digestive dis- 
turbances, pain and systemic disturbances. The negative cases were 
more frequently accompanied by pain. 


Summary of data on nausea 


Nausea occurred as an initial symptom in about a third of the cases, 
and eventually in about half. In a third of these it was severe, but 
dominated the initial picture in 10 per cent of all cases. At the onset it 
rarely occurred alone, but was accompanied by a great variety of other 


| 
| 


SYMPTOMS OF INTESTINAL TUBERCULOSIS 11 


symptoms, the most frequent of which were pain and digestive disturb- 
ances. It occurred most commonly after meals. In the negative case 
nausea was about as common, but it was not as severe, and occurred 
more characteristically in the morning. This suggests that the nausea of 
the positive case is started more often by meals and that of the negative 
case by the sputum swallowed unconsciously at night. Vomiting some- 
times comes on with very little nausea. Several patients spoke of the 
“food coming up almost of itself.” Nausea of over three months’ dura- 
tion is twice as likely to be positive as negative, and of six months’ 
duration it is three to four times as likely to be positive (see table 3). 


GENERAL DIGESTIVE DISTURBANCES 


Under this term are included the following symptoms: 


POSITIVE CASES NEGATIVE 
per cent per cent 
Marked loss of appetite or aversion for food............ 26 12.5 
Food and acid eructations, water-brash................ 14 a.§ 
Fulness after eating a small amount of food............. 3 
Occurrence 
PER CENT SEVERE aa on 
per cent ber cent 


In five positive cases fever was the sole initial symptom, in all of which 
there was a marked increase of an old indigestion. When not alone 
initially it was accompanied by pain, nausea, diarrhoea, and systemic 
disturbances in about the same number. The negative case gave a his- 
tory more often of pain. 

A summary of the general digestive disturbances shows that in kind 
they are much the same in both groups but are more severe in the posi- 
tive cases. The most frequent symptoms are distress after eating, and 
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“sour stomach.” In general these symptoms lasted longer than the other 
symptoms. In about half the positive cases they continued over a year, 
and in two-thirds over six months. The duration in the negative cases 
was about the same as in the positive, except when they have lasted for 
more than a year. Then the proportion of positive to negative was two 
to one. 


GENERAL CONSTITUTIONAL DISTURBANCES 


This is not a sharply defined group of symptoms. Inasmuch as intes- 
tinal tuberculosis occasionally manifests itself mainly by systemic 
symptoms, we include in this group fever, malaise, and nervous symptoms 
which seemed too prominent to be explained by the pulmonary condition 
alone. We do not, of course, mean that these symptoms were not pres- 
ent in the other cases of this series, but we do wish to emphasize that there 
are times in which by careful consideration of other than intestinal 
symptoms we may obtain a clue that will lead to the proper diagnosis. 
This generally means an early diagnosis and disease that will yield under 
the proper treatment. In 17 cases fever was a highly suggestive symp- 
tom, in 5 of which, as we have seen, it clearly dominated the picture at 
the onset. It is interesting to note that in 11 cases the X-ray study of the 
intestine was prompted by the unexplained fever, other symptoms com- 
ing on in a month or two. 

In brief, we can say that fever gave the clue to the diagnosis in over 10 
per cent of the cases, and might have done so in over twice that number. 
Marked nervous irritability was present in 15, but all had other symptoms 
that would direct attention to the alimentary tract. Half of these had an 
old history of “nervousness,” but this symptom is not of special value. 


SUMMARY AND CONCLUSIONS 


In a study of 100 cases of intestinal tuberculosis complicating pul- 
monary tuberculosis, and of 40 comparable negative cases, the following 
facts were observed: 

1. In 59 per cent of the positive cases this complication occurred by 
the end of the second year and in 81 per cent by the end of the third 
year. The period of greatest incidence was from the twelfth to the eigh- 
teenth month after the onset of pulmonary tuberculosis. 

2. A history of previous intestinal symptoms was present in 58 per 
cent, most common of which were chronic constipation and indigestion. 
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When there was a history of chronic constipation the intestinal tuberculo- 
sis started with other symptoms, rather than with an increase of the old 
constipation. With an old history of indigestion the onset was generally 
marked by an increase of these old symptoms. 

3. Intestinal tuberculosis had an insidious onset in one-third of the 
cases and a clearly defined onset in two-thirds. The negative cases had 
the same types of symptoms, but they were well marked in only a third 
of the cases. Marked constipation, or marked constitutional symptoms 
with minor digestive symptoms, were commoner, as dominating the pic- 
ture at onset in the positive case, while a mild diarrhoea was more com- 
mon in the negative case. 

4. Abdominal pain was present in 71 per cent of the positive cases. 
It occurred most commonly after meals, was cramping in character, was 
localized in the right lower quadrant and was accompanied by intestinal 
gas. In comparison, the pain of the negative case was less severe, and 
was less often localized in the region of the caecum. In this series pain 
of less than a month’s duration indicated a negative case in the proportion 
of 2 to 1, and if more than a year’s duration, always a positive case. 

5. Diarrhoea was present in 47 per cent of the cases. It occurred at 
any time of the day but somewhat more frequently in the morning. 
The average number of stools during the acute stage was 3 to 6 daily. 
Bleeding from the intestine occurred in a tenth of the cases, and was a 
highly suggestive symptom when proved not to be due to haemorrhoids. 
The diarrhoea of the negative case was milder and of shorter duration. 
Diarrhoea of more than a month’s duration suggested a positive case in 
the proportion of 6 to 1. 

6. Nausea was present in 66 per cent of the cases. It occurred most 
frequently after meals, and was accompanied by vomiting in half of the 
cases. ‘The nausea of the negative case appeared more commonly in the 
morning and was much less severe. Nausea of over three months’ 
duration suggested a positive case in the proportion of 2 to 1, and of more 
than six months’ duration a positive case in the proportion of 4 to 1. 

7. General digestive disturbances were the most frequent initial symp- 
tom and were present eventually in 47 per cent. They were most varied 
in type, the most usual being marked loss of appetite or aversion for food, 
distress after meals and “sour stomach.” They thus began early and 
were persistent symptoms. They were not essentially different in the 
negative case. A duration of these symptoms for over a year proved 
positive in the proportion of 2 to 1. 


j 
j 
; 
Fi 
‘ 
q 


14 R. J. ERICKSON 


8. Constipation was twice as frequent as an initial symptom, and also 
during the course of the disease, in the positive as in the negative case. 
It was a prominent part of a syndrome in 28 per cent of the positive cases. 
Its duration was as long in the positive as in the negative case. 

9. Alternation of constipation and diarrhoea was present in 12 per 
cent. It had no special diagnostic significance. 

10. Constitutional symptoms out of proportion to the severity of the 
pulmonary disease were a highly suggestive feature in 17 per cent. 

The study of symptoms can thus be of considerable help in the detec- 
tion of intestinal tuberculosis, though the differentiation of the positive 
from the negative case is to be made more on the severity, multiplicity 
and duration of symptoms than on their kind. There is considerable 
evidence that treatment by the ultraviolet rays modifies greatly the posi- 
tive manifestations, and that without this treatment the differences 
noted above would be much more marked. This we shall consider 
later (1). 

REFERENCE 


(1) Erickson, R. J.: The effect of ultraviolet-light treatment on the symptoms of 
intestinal tuberculosis, Amer. Rev. Tuberc., 1925, xii, 15. 


THE EFFECT OF ULTRAVIOLET-LIGHT TREATMENT ON 
THE SYMPTOMS OF INTESTINAL TUBERCULOSIS 


R. J. ERICKSON! 


In a previous article (1) an analysis was made of the earlier symptoms 
of intestinal tuberculosis complicating pulmonary tuberculosis. In the 
present paper an attempt will be made to estimate the changes in these 
symptoms that occur after treatment by ultraviolet light. 

In the order of the frequency of their occurrence the symptoms dealt 
with are the following: pain, diarrhoea, general digestive disturbances 
(indigestion, acid eructations, etc.), nausea and vomiting, constipation, 
and general constitutional symptoms. The latter term includes fever, 
malaise, etc., considered only when these symptoms were outstanding, 
and more prominent than the pulmonary condition seemed to warrant. 
The cases were not selected. The diagnosis was made by the clinical 
and X-ray methods that are in use in Saranac Lake and Trudeau 
Sanatorium. For details of the method the reader is referred to the 
work of Lawrason Brown, Homer L. Sampson and F. H. Heise. 

No attempt will be made to discuss collateral treatment. It has 
varied greatly but, in general, has been such as employed at Trudeau 
Sanatorium, where these cases are given no routine diet and no other 
routine treatment than ultraviolet light. The regimen of usual tubercu- 
losis treatment is, of course, rigorously adhered to when this complication 
develops. Most of the cases developed the complication while under 
observation for pulmonary tuberculosis. 

The type of lamp has varied, and includes the standard types at pres- 
ent in vogue. The technique of use was the usual one, beginning with a 
very brief exposure often over part of the body at a distance of three feet, 
and then slowly increasing the power and lessening the distance until at 
the end of a month an hour’s exposure at eighteen inches is reached. 
The dosage is regulated by the local reaction. If more than a temporary 
redness occurs, exposure to the lamp is stopped and the treatment 
resumed after a few days at a lower intensity. 

Of the 100 cases originally studied, 19 are here excluded for the fol- 
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lowing reasons: In 10 the lamp has been used for less than two months, 
within which time, as we shall see, one cannot estimate results. In 4 
cases, though positive by X-ray diagnosis, the symptoms were so slight 
that it was not possible to estimate changes. These never developed 
severe symptoms. In 5 cases the symptoms seemed to be clearing before 
the lamp was started. This leaves then 81 cases in connection with 
which we shall discuss the following points: 


. General summary of the results obtained. 

. Negative or unfavorable results. 

. Duration of treatment until favorable results occurred. 
. Time in which relief of symptoms has persisted. 

. Cases having symptomatic cure. 

. Changes occurring in individual symptoms. 


A general summary of the results in these 81 cases follows: 
20, or 24.7 per cent, had entire relief of symptoms. 
38, or 47 per cent, were very much improved. 
11, or 13.5 per cent, had definite though less improvement. 
12, or 14.8 per cent, were unimproved or worse. 
Tota] favorable result, 85.2 per cent. 
Total unfavorable result, 14.8 per cent. 


The term entirely relieved explains itself. A few cases here included 
may have since had some slight symptom, such as an occasional loose stool 
or indigestion following indiscretions in diet. For all practical considera- 
tions they are nevertheless symptom-free. Very much improved means 
relief of all acute, severe and distressing symptoms. In this group are 
included cases that still have looseness of bowels, moderate constipation 
or indigestion. None are included that have cramps, real diarrhoea, or 
nausea and vomiting. By less improved is meant that severe symptoms 
have been definitely lessened for a period long enough to indicate 
improvement clearly. Most of these are cases that are now comfortable, 
while previously they were not. It is impossible to tell in what degree 
these groupings represent the end result. Doubtless, some patients who 
are now entirely relieved will relapse and others that are now only 
improved will be free from symptoms later. From our observations it 
would appear that the latter group will be added to considerably. 
Many will of course succumb to their pulmonary disease. It is unfor- 
tunate that we cannot present, for comparison, a series of cases that have 
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received all the treatment that these cases have had with the exception 
of the ultraviolet light. This material is not available in this community, 
for the use of ultraviolet light is now almost universal. 

Of the 12 cases showing unfavorable results, 7 had far-advanced pul- 
monary tuberculosis and were critically ill. One had an obstruction in 
the hepatic-flexure region which was probably due to a hypertrophic 
tuberculous process. The duration of symptoms before the lamp was 
begun was as follows: 4 cases, 4 to 5 years; 1 case, 25 years; 1 case, 16 
months; 2 cases, 6 months; 1 case, 2 months; 1 case, 1 month; and in 
2 cases the symptoms came on while the lamp was being used for other 
tuberculous lesions. 

The time that the lamp was used without results was: 3 months, 3 
cases; 4 to 6 months, 3 cases; 12 months, 2 cases; 18 months, 2 cases; 
and 25 years, 2 cases. 

In summary, it is shown that two-thirds of these unfavorably affected 
cases were to be considered hopeless from the standpoint of their pul- 
monary disease, and that three-quarters of them had symptoms of such 
long duration that results were hardly to be expected from any form of 
therapy. 

The remainder of this paper will be taken up with the study of the 69 
cases that had a favorable result from ultraviolet-ray treatment. The 
duration of symptoms previous to treatment with the lamp in these cases 
was as follows: 


Duration of symptoms Duration of symptoms 
Number before treatment, Number before treatment, 
of cases months of cases months 


Thus, in 58, or 85 per cent of the 69 cases, the symptoms had previously 
been present for at least 2 months, which should indicate a well-estab- 
lished symptomatology. 

After ultraviolet-ray treatment was begun, the time elapsing until 
improvement began was as follows: 


\ 
| 
Cases Months Cases Months 
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Thus, 54 per cent were improved in one month, and 72 per cent by the 
end of the second and 90 per cent by the end of the third month. If we 
include the unfavorable, as well as the favorable cases, 75 per cent of all 
cases were improved by the end of the third month of treatment. There 
are not included any cases that eventually relapsed. We may accord- 
ingly conclude that if favorable results are to follow this treatment they 
are to be expected within three months. 

The time period that these cases have been observed since definite 


improvement began is as follows: 


Numbe 
of cases 


3 
4 
3 


Time observed since 
improvement began 


1 month 


6 months 

9 to 12 months 
13 to 18 months 
19 to 24 months 

2 to 3 years 

3 to 4 years 


Thus, 85 per cent have been observed for 4 months or more, and over 50 
per cent for a year or more since improvement began. Chart 1 presents 
these facts in graphic form. The question then arose as to whether these 
apparently favorable results might not be explained, in part at least, by 
assuming that the symptoms ran a more or less self-limited course. 
Cases were accordingly divided into groups on the basis of the previous 
duration of symptoms, and the changes following the use of the ultra- 
violet rays were determined in each group separately, with the results 
shown in table 1. 

Chart 2 shows these results graphically. It will be seen that the result 
is essentially the same regardless of the length of time that symptoms had 
existed before treatment was begun. Lest this seem unreasonable it 
must be recalled that unfavorable results are not here included, and that 
half of these fall in the group with symptoms of over a year’s duration 
before lamp treatment. The 5 to 8 months’ group seemed to respond 
somewhat more promptly than the other groups, but the number in any 
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one group is not large enough to allow such fine conclusions. In the 
aggregate the results are more than a little surprising, and more than 
suggest that we are dealing with a really effective agent and that the 
results are not due to the natural self-limiting nature of the symptoms. 


Chart 1. Effect of Ultraviolet Irradiation 
on Intestinal. Tuberculosis 
Number i Cases =69 


T 


Syrs<—! Bes: 
36 32 20 8 32 36 42 


6 
Months before Lamp iS Months after Lamp 
BEGUN 
HERE 
E 3 Duration of Symptoms before Lamp was begun 
GB Duration of Symptoms until beginning of Improvement 
after Lamp was begun 


Outer Line to right= Total Time since Lamp was begun 


16 20 24 2 


TABLE 1 
TIME IN WHICH IMPROVEMENT BEGAN 
AFTER TREATMENT 
DURATION OF SYMPTOMS BEFORE TREATMENT Prien 
1 month | 2 months | 3 months 3 bak 
Brom 2 26 13 5 5 
From Sito: S 16 2 1 2 1 
Prony 82 months... 8 4 2 2 


At least, we may conclude that in this group of cases, which represents 
the situation in this community at the present time quite accurately, if 
improvement is to be expected it will, in all probability, occur within 
three months after the beginning of ultraviolet-light therapy. 
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A study of the group that became entirely symptom-free is interesting, 
for obviously it is only in this group that we can discuss the duration of 


Chart 2. Effect of Ultraviolet Light. Cases divided according 
to previous Duration of Symptoms 


1month or less 
11 cases 


Months 


Z2to 4 months 
26 cases 
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5 to 8 months 
16 cases 


Months’ 6 4 2 


9 to 12 months 
8 cases 


Months 7z 


Over 1 year 
8 cases 


YW 
Months 24 78 ED 6 2 6 12 18 2 
C] Duration of Symptoms before Duration of Symptoms 
Ultraviolet Light Treatment until Improvementafter 
Light Treatment 


the complete symptomatic cure. The data in this group are summarized 
in table 2. 

Chart 3 shows these figures graphically. It will be seen that the pre- 
vious duration of symptoms was 3 months or more in 75 per cent of the 
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cases. By the end of the first month of treatment 65 per cent were 
improved and 40 per cent were symptom-free; by the end of the third 
month 85 per cent were improved and 75 per cent symptom-free; and in 
6 months all were improved and 90 per cent symptom-free. All have 
been observed for at least 4 months since ultraviolet treatment was begun, 


TABLE 2 
Analysis of symptomatic cures 
OBSERVATION 
cases cases cases cases 
3 


Chart 3. Results in 20 Cases that were Symptomatically cured 
20 CASES 


4 
Months 24 18 12 é 4 24 6 18 24 46 42 
CJDuration of Symptoms Duration after Treatment with Ultzaviolet 

before Ultraviolet eee: Rays until Improvement 
Light Treatment 
Middle Line to Right = Symptomatic Cure 
Outer » » o = Period of Observation since treatment was began 


and 50 per cent for at least 16 months. Thus it is seen that cases in 
this group with a previous history averaging over 6 months in duration, 
are practically all symptomatically cured in 6 months, and remain so 
for at least a year. There is every reason to believe that this latter 
period will be greatly prolonged in most of the cases in this group. 
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In order to give a somewhat more detailed account of the manner in 
which cases reacted we here give a brief summary of the 20 cases that 
became symptom-free: 


Case 1. Simultaneous onset of pulmonary and intestinal symptoms 3 
years ago. Cramping pains after meals and diarrhoea existed for 3 months 
before lamp treatment and disappeared 1 month after. No symptoms for 
over 2 years. 


Case 3. Pulmonary tuberculosis for 3 years. Onset of intestinal tubercu- 
losis with cramping pain and diarrhoea. Lamp begun in 1 month. Pain 
ceased in 2 months and diarrhoea in 3 months. No symptoms now for 17 
months. X-ray now shows healed lesion in intestine. 


Case 8. Pulmonary tuberculosis for 16 months. Nausea, cramping pain 
and diarrhoea began 6 months ago. Lamp used at once. Relief in 1 month. 
No symptoms for 5 months. 


Case 20. Pulmonary tuberculosis for 3 years. Nausea after meals and 
high temperature began 3 months before lamp was used. Symptom-free in 1 


month. No symptoms for 6 months. 


Case 25. Pulmonary tuberculosis began 5 years ago. Onset of intestinal 
disease with cramping pain and diarrhoea. Lamp begun 5 months later. 
Improvement in 1 month. All symptoms gone in 3 months, except occasional 
slight twinge of pain. No other symptoms for 5 months. 


Case 32. Pulmonary tuberculosis for 5 years. Onset of intestinal disease 
with cramping pain and diarrhoea. Lamp begun shortly afterward, but 
because of pulmonary haemorrhage not used regularly till 4 months later. 
Intestinal symptoms gone 1 month afterward. Symptom-free for 6 months. 


Case 36. Pulmonary tuberculosis for 10 years. Intestinal disease began 8 
years later with cramping pain, diarrhoea and indigesticn continuing in spells 
for 6 months. Then became severe. Lamp begun 2 months later. All 
symptoms gone in 3 months. Symptom-free for 4 months. 


Case 39. Pulmonary tuberculosis, onset indefinite. Pain, cramping in 
character, nausea and vomiting present in spells for 2 years, and daily pain and 
diarrhoea for 4 months, when lamp was begun. Pain was relieved in a few 
weeks and diarrhoea in a month. Has had no intestinal symptoms for 6 
months, except some looseness of bowels with indiscretion of diet. 
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Case 47. Intestinal symptoms first sign of tuberculosis. Onset was with 
stabbing pain in the lower right quadrant. Constant cramping pain and 
diarrhoea and nausea began 5 months later. The lamp was begun 6 months 
later than this, and after 2 months there was entire relief of symptoms which 
lasted about a year. There was then a relapse which again yielded to treat- 
ment. Now symptom-free for 6 months. 


Case 50. Pulmonary tuberculosis 18 months. Onset intestinal disease 
with cramps, diarrhoea, nausea and vomiting. Lamp begun at once. All 
symptoms gone in 3 months. Symptom-free for 6 months. 


Case 60. Pulmonary tuberculosis 4 years. Intestinal tuberculosis began 
with slight pain, diarrhoea, indigestion and flatulence. Nausea and vomiting 
began a few months later, and continued until the lamp was started about 8 | 
months later. Improvement began in a month and continued for 9 months. 

Symptom-free now for 9 months. Last X-ray negative. 


Case 61. Pulmonary tuberculosis for at least 2 years. Onset of intestinal 
disease with cramping pain, diarrhoea, nausea and vomiting, and flatulence. 
These continued for 10 months and were relieved after month of lamp treat- 
ment. Has been symptom-free for 16 months. Intestinal X-ray now 
negative. 


Case 75. Pulmonary tuberculosis 4 years. Diarrhoea of 6 months’ dura- 
tion was relieved after 8 months’ treatment with lamp. Symptom-free for 16 
months. Last X-ray negative. 


Case 77. Pulmonary tuberculosis 2 years. Unexplained high temperature 
began 6 months later. Intestinal tuberculosis diagnosed and lamp begun 3 
months later. Temperature normal in 1 month. No fever for 4 months. 


Case 80. Pulmonary tuberculosis 5 years. Diarrhoea began about a year 
later and in a few months flatulence and diffuse abdominal pain. The lamp 
was begun 5 months later and all symptoms left inside of a month. Intestinal 
X-ray now negative. Symptom-free for 3} years. 


Case 83. Pulmonary tuberculosis over 2 years. Onset of intestinal disease 
with abdominal pain, fever and digestive disturbances. Lamp begun in 2 
weeks. Temperature normal, and intestinal symptoms relieved in 3 months. 
No symptoms except slight indigestion for 15 months. 


Case 86. Pulmonary tuberculosis 5 years. Onset of intestinal disease with 
diarrhoea and nausea after meals. Lamp started 6 months later. All symp- 
toms gone in 2 months. Symptom-free for 4 months. 
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Case 89. Pulmonary tuberculosis 3 years. Onset of intestinal disease was 
with fever rising to 102°. Abdominal cramps began some months later. 
Lamp begun about a year later. Fever left in 1 month and pain in 3 months. 
Lamp was then discontinued, and fever returned in 2 months and disappeared 
with less than a month’s lamp treatment. Symptom-free for 1 year. In- 
testinal X-ray now negative. 


Case 97. Pulmonary tuberculosis 3 years. Cramping pain, nausea, vomit- 
ing, and indigestion began the intestinal disease. Lamp begun at once, with 
relief after 8 months. Except for slight indigestion, symptom-free for 4 


months. 


Case 98. Pulmonary tuberculosis for over 2 years. Intestinal disease be- 
gan with diarrhoea 4 months later. Dull abdominal pain began within 9 
months. The lamp was begun 5 months later, then stopped for a few months, 
and later resumed. Has been symptom-free for 4 months. 


Case 99. Pulmonary tuberculosis 3 years. Onset of intestinal disease with 
cramping abdominal pain and diarrhoea. Lamp begun at once, and improve- 
ment was gradual fora year. Symptom-free for 10 months. 


In order to illustrate what is meant by the term much improved in this 


paper, we include a brief summary of the first 5 cases that occurred 
in our series and recorded as much improved, as follows: 


Case 2. Pulmonary tuberculosis 24 years. Onset of intestinal disease 
with cramping pain, flatulence and diarrhoea. Lamp begun 3 months later. 
In 2 months nausea and cramps were gone. In 5 months all symptoms but 
some loose stools had disappeared. Now has about 3 stools daily, but these 
are loose only once in 3 weeks. Severe symptoms all gone for 6 months. 


Case 4. Pulmonary tuberculosis 4 years. Nausea, vomiting and diarrhoea 
began about 6 months ago. Nausea and vomiting stopped after 2 weeks’ use of 
lamp. Diarrhoea was lessened in 5 weeks. Still has some loose stools. 


Case 5. Pulmonary tuberculosis for at least a year. Abdominal pain, flatu- 
lence and 4 watery stools daily began 7 months ago. Lamp begun a month 
later. In 2 months all symptoms had ceased, except a mild diarrhoea occur- 
ring about 3 days each month. 


Case 6. Pulmonary tuberculosis 2 years. Intestinal disease began with 
severe constipation and cramping pain, which continued for 4 months until the 
lamp was begun. In 1 month there was relief from the acute symptoms, and 
except for constipation there have been no symptoms for a year. 
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Case 7. Pulmonary tuberculosis 3 years. Distress after eating, constipa- 
tion, nervousness and sleeplessness marked the onset of intestinal disease a few 
months later. Lamp was begun 2 months afterward and in 3 weeks there was 
marked improvement. Still has poor appetite and some indigestion. 


To determine which type of symptoms were most changed after use of 
the lamp, all symptoms were listed separately, with the results shown in 
table 3. 

It would be rash to say that the difference in these results in individual 
symptoms was due to the lamp and not to the nature of the symptoms 
themselves. The greatest change however occurred in pain and nausea. 
Diarrhoea was more resistant and general digestive disturbances still 
more so. Fever due to intestinal complications generally leaves as the 


TABLE 3 


Analysis of individual symptoms 


NUMBER — 
or Times | ENTIRELY 
OCCURRING| RELIEVED | IMPROVED ns 
General digestive disturbances........... 47 11 18 7 a 
Nausea and vomiting. ..............-00: 52 26 8 i 5 
CONS 28 5 3 1 3 
Constitutional symptoms................ 17 7 9 1 
| 88 68 22 21 


symptoms cease. As the disappearance of constipation sometimes 
meant the beginning of loose stools we may disregard that item. 
A certain number of symptoms in this classification were unchanged; 
for example, a case with nausea and indigestion might be entirely relieved 
of nausea and still have the indigestion. However, none of the symp- 
toms listed under unimproved were severe. 

An interesting observation has been frequently made here, and that is 
that when the symptoms are not due to intestinal tuberculosis the lamp 
seems to have little effect. In our previous study we used a series of 40 
cases of pulmonary tuberculosis that had intestinal symptoms which were 
comparable to the positive cases but were negative by X-ray study. In 
spite of the negative diagnosis many of these cases nevertheless had lamp 
treatment. Of this number 17 took it long enough to warrant dis- 
cussing the effect. The number is too small to permit conclusions to be 
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drawn, but of this number 8 were unimproved, 4 became symptom-free, 
3 were much improved, and 2 were slightly improved. It is thus suggested 
that symptoms due to tuberculous enteritis are affected to a greater 
degree than those due to other intestinal conditions. 


COMMENT 


This paper has been limited to a discussion of the relief of symptoms. 
Just what effect this relief of symptoms will have on the eventual arrest 
of the disease we cannot say. We do know that the disappearance of 
symptoms for a year or more has in several cases of this series been accom- 
panied with a clearing of the abnormal intestinal X-ray picture. As 
the onset of distressing intestinal symptoms is so often the factor that 
turns the tide against the patient it seems likely that any method that 
will control these symptoms will surely increase the chances of recovery 
from the pulmonary disease. 

The older idea was that intestinal tuberculosis was an almost fatal 
complication. We believe that this attitude prevailed because nothing 
but the last stages were diagnosed. By proper X-ray study the diagno- 
sis can very often be made early in the disease and if, as it seems, we have 
in ultraviolet light a reliable means of controlling these symptoms we 
shall have to revise our ideas very considerably, and not say as did Walsh, 
some time ago, that “the diagnosis should not be made so that the pa- 
tient will have a better chance for hopeful recovery,” and as Schwatt 
wrote recently,—that “there is no scientific, clinical, or experimental 
evidence that ultraviolet rays have any palliative or curative effect,” 
and that this ‘complication ushers in terminus in three to six months.” 

In this community, at least, the attitude of the patient and the physi- 
cian too, for that matter, has changed. The physician as a rule feels 
that there is still something to offer the patient, and the patient that he 
has an annoying but by no means a hopeless complication. In fact, the 
patient often feels relieved, for there is now an explanation for the unsatis- 
factory response to rest and the usual treatment, and he feels that the 
lamp offers a means of attack on this complication. 

The proof of the action of ultraviolet light in tuberculosis is empirical. 
That it does have an effect on various forms of tuberculosis is well known. 
It also has a profound effect on the calcium metabolism of the body, as 
we know from the study of rickets and of tetany. Theoretically, it seems 
reasonable to think that its effect on tuberculosis is through the same 
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mechanism. Calcium is sedative to the intestine when it is applied 
directly to the latter, and is used intravenously to relieve the symptoms 
of this disease. Symptoms of intestinal tuberculosis are probably 
caused by disturbances of motility. The cramping pain is, at bottom, 
a motor spasm, the diarrhoea is due to hypermotility, and the nausea 
and vomiting are the result of reversed peristalsis, if we accept the 
explanation of Alvarez. The ultraviolet rays thus affect symptoms by 
a sedative action on these motor symptoms. The action is too prompt 
to be regarded as curative in most cases. On this theoretical basis we 
must then divide the results into two stages, namely, a primary or pal- 
liative one, as shown by symptomatic relief, and a secondary or curative 
one, which is evident in the X-ray picture considerably later,—generally 
in about 18 months in the most favorable type. Whether this secondary 
effect, the curative one, is a specific result, or whether it is due to the fact 
that symptomatic relief allows functional rest, we cannot say. 


CONCLUSIONS 


1. In a series of 81 cases of intestinal tuberculosis complicating pul- 
monary tuberculosis, as diagnosed by the methods in use at Saranac 
Lake and the Trudeau Sanatorium, 85.2 per cent had a favorable result 
following the use of ultraviolet light, as judged by entire relief or definite 
improvement in symptoms, and 14.8 per cent had no result or an unfavor- 
able one. Of these cases, 24.7 per cent had entire relief of symptoms, 
47 per cent were very much improved, and 13.5 per cent had definite 
though less improvement. 

2. Of the 69 cases that were favorably affected, 54 per cent were 
improved by the end of the first month of treatment, 72 per cent by the 
end of the second month, and 90 per cent by the end of the third month. 
Thus, if favorable results are to be expected, improvement will probably 
begin within three months. 

3. This symptomatic cure or improvement has persisted in 85 per cent 
of the 69 cases for 4 months, in 50 per cent for a year or so, and in 12 per 
cent for from 3 to 4 years. 

4. In the favorably affected cases the symptomatic result occurs in 
the same period of time, regardless of whether the symptoms had existed 
for a month, several months, or a year previously. 

5. Pain, and nausea and vomiting seem to be most effectively relieved, 
diarrhoea is more persistent, and general digestive disturbances are still 
more persistent. 


28 R. J. ERICKSON 


6. In the 25 per cent that were symptomatically cured, over half of 
whom had had symptoms for 6 months or more before treatment, 85 
per cent were definitely improved within one month after treatment was 
begun. All were improved, and all but 10 per cent were symptom-free 
in 6 months. All have been observed for at least 4 months since treat- 
ment was begun, and the majority for over a year. It thus seems that 
the ultraviolet-light ray treatment is of definite value for the relief of 
symptoms in intestinal tuberculosis. 


I wish to thank Dr. Lawrason Brown, at whose suggestion this investigation was under- 
taken, and Trudeau Sanatorium, and Drs. Brown, Price, Kinghorn, Blanchet, Packard, 
Soper, Mayer, Trudeau and Hayes, who permitted me to interview the cases above recorded. 
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HEALED TUBERCULOUS ULCERS OF THE INTESTINE AND 
CALCIUM-CHLORIDE TREATMENT 


A Case Report! 
E. H. ROBERTS?’ 


In the presentation and discussion of a report of a single case, one can 
only hope to bring it to general attention, and possibly stimulate fur- 
ther work to substantiate or disprove whatever evidence is presented. 
We present this case of healed ulcers in tuberculous intestines to empha- 
size the fact that calcium chloride has a definite place in the treatment of 
tuberculous enteritis and to show pictures of most remarkable healing. 

The calcium-chloride treatment in this case extended over a period of 
102 weeks in all, consisting of weekly injections of 5 cc. of the 5 per cent 
solution intravenously, all of which we gave at our institution. The 
method used has been previously described by us and need not be fur- 
ther discussed (AMERICAN REVIEW OF TUBERCULOSIS, April, 1924). 

This is a second case of healed intestinal ulcers in a patient dying of 
pulmonary tuberculosis. The previous case has been reported, and was 
under treatment weekly with calcium chloride for over one year. While 
it did not show healing of all the ulcers, those not healed were in the pro- 
cess of clearing preliminary to fibrosis. In the present case, however, 
there was healing present in all the ulcerations in the intestine. 


CASE REPORT 


C. H. Born in Ireland; age 29; usual diseases of childhood; no history of 
tuberculosis in family. 

In 1919 patient diagnosed as having active pulmonary tuberculosis and 
admitted to hospital. Weight on admission was 130 pounds; gradually 
gained to maximum of 148 pounds in October of the same year. Patient 
remained in hospital until June, 1920, when he went home. Diagnosis at that 
time: Tuberculosis, pulmonary, chronic, active all lobes right, and inactive left 
upper. X-ray verified this. No abdominal symptoms during this admission 


1 From the Fitzsimons General Hospital, Denver, Colorado. 
? Published by authority of the Surgeon-General, United States Army. 
3 Captain, Medical Corps, U. S. A. 
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or at time of discharge. Sputum positive; all other laboratory findings, in- 
cluding five Wassermann tests, negative. 

Patient remained home until December 5, 1921, when he returned to the 
hospital. On admission he was ill enough to be considered serious and in a 
dangerous condition. Diagnosis at this time: (1) Tuberculosis, pulmonary, 
chronic, active all lobes right, and left upper. (2) Enteritis, chronic, tuberculous, 
ulcerative. Patient was running a temperature up to 101° daily, and com- 
plained of severe pain in epigastrium and umbilical region, severe enough to 
require narcotics frequently and some difficulty was experienced in getting 
away from this. Only liquid diet tolerated; constipation, requiring mild 
cathartics. At this time calcium-chloride treatment was started, and con- 
tinued weekly for 96 weeks. 

Patient gave a history of having had, during absence from hospital in 
October, 1920, acute pain in abdomen, which soon settled in right lower quad- 
rant with classical signs of acute appendicitis. Sent to a surgical hospital, 
and appendix removed, when operator saw ulcerations involving caecum and 
ascending colon. ‘These were plainly seen and were numerous. Wound healed 
without complications, and symptoms were relieved for two or three months. 
Patient then began to have slight tenderness, pain around umbilicus and on 
right side, occasional constipation and poor appetite. Mild at first, these 
symptoms gradually increased in severity until patient was in condition de- 
scribed above at his readmission. 

X-ray of the intestinal tract shortly after this admission reported as follows: 


Slight hypermotility of the stomach; 6-hour barium had reached the colon and was present 
in entire small intestine; 24 hours, tenderness on palpation over terminal ileum, colon was 
entirely empty showing increased motility; 48 hours, no barium was seen. Colon injection, 
caecum dilated, portion of colon adjacent to caecum shows narrowing of lumen and irregularity 
of outline. Tip of caecum also irregular. A definite tenderness present over caecum and 
ascending colon and terminal ileum. Impression is that of chronic “pathology” of the caecum 
and ascending colon, and terminal ileum, probably tuberculous ulcerations and adhesions. 
Reflex pyloric irritation probable. 


An X-ray of the chest showed chronic nodose lesions with considerable 
fibrosis, and some cavitation, fairly well walled off, in right upper lobe. 

During this admission and period of treatment general condition of patient 
improved from that of serious to that of an ambulant case, with normal 
temperature, pulse and respirations, good general condition, and only oc- 
casional attacks of abdominal pain. There was always tenderness over right 
side and around umbilicus, however. 

A comparison of the series of X-ray plates indicated slight improvement up 
to summer of 1923, when evidence showed stationary condition. 

In June, 1923, patient had increase in number of attacks of abdominal pain. 
These, however, were changing somewhat in character, showing at that time 
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a rather marked distention at the beginning of the attack, with acute and severe 
pain, constipation and vomiting. These symptoms remained for about two 
or three days, when patient recovered and felt good for varying periods of two 
weeks toa month. During this summer he had lost some weight, down to 114 
pounds. 

In September, 1923, he left the hospital and went to California, remaining 
there until May 6, 1924, when he was readmitted to this hospital. He stated 
in his history for this period that change of climate did not agree with him, 
cough had increased, occasional bloody sputum was present, and he believed 
that his chest condition had become worse. He had continued to have these 
abdominal attacks with sharp pains in umbilical region and considerable 
gaseous distention. 

Upon readmission, condition was distinctly worse. Complained of pain in 
chest, marked cough and considerable sputum, fatigue, poor sleep, and consti- 
pation, which was relieved only by continuous use of mineral oil. 

About May 20, 1924, patient had an abdominal attack with severe ab- 
dominal pains and vomiting (not fecal) with considerable bile, and marked 
gaseous distention and constipation. ‘This continued for several days. Pa- 
tient was unable to retain most of liquids taken, cathartics given without 
results, enemas only slightly effective. It was believed that the patient was 
suffering from a possible obstruction due to adhesions. Surgical operation was 
contemplated, but condition was such that the surgeon thought it inadvisable. 
Abdominal condition, however, began to improve, distention decreased, bowels 
moved without cathartics, and patient retained food. At this time, however, 
he began to run a fever, and X-ray as well as physical examination showed 
increased involvement of lungs. This grew steadily worse until patient’s 
death, July 20, 1924. There had been no recurrence of abdominal symptoms, 
but tenderness remained and mineral oil was necessary for regulating the 
bowels. Patient had been kept on soft diet. Death in this case was appar- 
ently due to increase of pulmonary disease and toxemia. 

Diagnosis at time of death: Tuberculosis, pulmonary, chronic, active all lobes. 
Pleuritic adhesions, bilateral. Peritonitis, chronic, tuberculous. Enteritis, 
chronic, tuberculous, ulcerative. Laryngitis, chronic, tuberculous. 


AUTOPSY REPORT 


The body that of an emaciated young adult, about 5 feet 8 inches tall and 
weighing about 90 pounds. Rigor mortis slight. Scar about midportion of 
right abdomen, rather higher than an ordinary appendicectomy scar. 

The body opened by the usual longitudinal incision. There was very little 
subcutaneous fat, and the muscles were very much atrophied and pale. The 
sternal plate was removed by costochondral section; aside from adhesions there 
was nothing remarkable. 
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Lungs and Pleura: Both pleural cavities rather extensively crossed by old 
fibrous adhesions. The lungs were not completely enveloped, but from 
apex to base they were more or less adherent. Over the right there was a 
more recent pleuritis and a slight exudate. The pericardium was adherent to 
both sides about equally. 

The lungs were voluminous and rather heavy, and nodular masses were 
palpable throughout, with palpable cavities in both uppers. On section, 
there were seen conglomerate masses of nodose tuberculosis throughout the 
left, with ragged, walled, multilocular cavitation in the upper lobe, more 
posteriorly. The masses were more of the fibrocaseous type, with some peri- 
focal reaction. On the right there were even more extensive lesions, most of 
which were decidedly more caseous in places. Cavitation was about the same. 
There was a considerable amount of old fibrosis, giving the impression that at 
one time the lesions were more of the fibrous, nodose type, but had later 
changed to the caseating type. 

Abdominal: The whole abdominal cavity was the seat of generalized 
tuberculous peritonitis, manifest by extensive adhesions and multitudes of 
miliary tubercles scattered over the organs in the omentum and mesentery. 

Liver: The liver was slightly adherent over the right lobe, and many small 
pin-head, grayish, translucent tubercles were present in the capsule. None 
were found in the parenchyma. 

Spleen: The spleen, like the liver, was covered with a tuberculous peri- 
splenitis. ‘There was excessive fibrosis, but no visible lesions in the organ. 

Adrenals and Pancreas: The adrenals and pancreas showed no lesions on 
gross examination. 

Kidneys: The kidneys showed nothing but cloudy swelling and toxic 
nephritis. 

Bladder and Adnexa: The bladder and adnexa showed no internal lesions. 
The intestines were adherent to the bladder wall externally. 

Intestines: The intestinal walls were adherent practically throughout the 
entire length of the gut. Loops were matted together and adherent to almost 
everything with which they came in contact. It was almost impossible to 
separate them without tearing the bowel which was done in many places. 
There were innumerable ulcers in the small bowel. ‘These all showed the same 
general appearance. They had extended entirely around the gut and then 
apparently healed, leaving very much the appearance of a resection and anas- 
tomosis. There were no flat ulcers such as are usually seen. In one area 
there had been a membrane, apparently across the lumen of the bowel. There 
were two perforations in this membrane, each about 7 mm. in diameter, and it 
was apparently through these two openings that all bowel contents had to pass. 

The lymph nodes of both the thorax and abdomen were enlarged, soft and 
juicy, with no caseation. 


HEALED TUBERCULOUS ULCERS OF INTESTINE 


Autopsy Résumé: A case of chronic pulmonary tuberculosis with constant 
spread, accompanied by a tuberculous peritonitis. 

The bowel contents were light yellow and very greasy. Fat metabolism 
was severely interfered with, probably due to pancreatic insufficiency. 


Tt will be recalled that a definite diagnosis of active pulmonary tuber- 
culosis was established in 1919, and that at the time of operation for 
appendicitis in 1920 ulcers were seen in the intestines by the operator. 
At this time, it is understood, a moderate peritonitis was present without 
evidence of any particular adhesions. 

The first abdominal symptoms presented themselves as those of an 
acute appendicitis shortly before the operation in 1920. These were 
relieved at that time, but some two or three months later symptoms 
reappeared. These were, as noted in the history, generalized abdominal 
tenderness, pain around the umbilicus, constipation, and poor appetite, 
gradually becoming severe, and on readmission to the hospital in 1921 
were such as to place the patient on the seriously ill list. It was at this 
time that calcium-chloride treatment was instituted, together with 
dietary supervision and heliotherapy to the abdomen (general radiation 
was not given). The patient showed steady symptomatic improvement 
for a period of one and one-half years, and chest plates also indicated 
improvement during this period. 

About the middle of 1923 evidence of retrogression was noted by X-ray 
plates, general condition, and in an increase in frequency of the abdominal 
attacks. These were taking on a somewhat changed aspect, however, 
and differed to some extent from those previously described. The 
predominatng features were marked gaseous distention, extreme pain, 
severe vomiting and almost complete constipation for periods of two or 
three days, after which they would be absent for varying periods of two 
to six weeks. 

In September, 1923, the patient went to California and was not under 
our observation again until June, 1924. At this time further retrogres- 


sion was distinct, as shown by general appearance, X-ray plates of chest, 

| and physical examination. Shortly after admission the patient had 

symptoms suggestive of obstruction, as described in the case history 

above. This seemed to be the determining factor in breaking down the 
last vestige of resistance, the patient dying on July 20, 1924. 

Figures 1 and 2 show very well the marked healing that occurred. It 

will be noted that the ulcers (fig. 1) must have been of very large size, 


extending entirely around the intestinal wall. They give the appearance 
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almost as though a resection had been performed and healing had taken 
place. 

There were quite a number of these ulcers, all of which showed marked 
repair. The picture of the top ulcer of figure 1 (fig. 2) shows the point 
of obstruction. The membrane seen not only drew the wall of the 
intestine together, but formed a drumhead across the lumen with 
two small openings, each 7 mm. in diameter. Through these open- 
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ings all intestinal contents had to pass. From symptoms it is assumed 
that this membrane began to affect the passage of feces about a year 
before the death of the patient. Certainly, it was the main factor 
in breaking down resistance in June. 1924. 

As stated at the beginning of this paper, it is not ourintention to state 
boldly that calcium chloride healed the ulcers in the intestines. How- 
ever, we believe that the occurrence of such marked healing, in the pres- 
ence of general failure of the patients, merits serious consideration and 
careful further investigation along this line whenever opportunity pre- 
sents itself. 
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ON THE EXCRETION OF SPECIFIC SUBSTANCES OF 
TUBERCLE BACILLI IN THE URINE! 


L. DIENES anp J. FREUND 


The demonstration of specific bacillary substances in the urine of 
tuberculosis patients would not only be of great importance for our con- 
ception of the pathology of the disease, but would give us opportunity to 
study the antigens of the tubercle bacillus, as these are present in the 
infected body. Unfortunately, from the literature on the Wildbolz 
auto-urine reaction, one cannot obtain even the evidence that, in some 
cases at least, specific bacillary substances appear in the urine. In a 
recent paper, based on animal experiments, Ornstein (1) denies that this 
is the case. Most of the experiments on man were made mainly with 
the purpose of the examination of the practical value of the reaction for 
diagnosis. It is very difficult to find the true significance of the obser- 
vations made on man, because the lack of nontuberculous nonsensitive 
control cases, and because the skin of tuberculosis patients may be more 
sensitive to nonspecific irritation than the skin of nontuberculous persons. 
It has not yet been decided whether the latter is the case, and how fre- 
quently it is so, yet it may be mentioned that the skin test with normal 
horse serum has been proposed for diagnostic purposes (2) and that there 
are in the literature several publications in its favor. It is not improb- 
able that the difficulties encountered with experimentation on man are 
even greater than the advantages due to the higher sensitiveness of the 
human skin. 

A very careful recent paper by Enright and Rettger (3) is more likely to 
awaken doubt than to substantiate the possibility of demonstrating the 
presence of bacillary substances in the urine of human patients. First, 
the described clinical appearance and long persistence of the reaction seem 
to be very different from the usual weak specific intracutaneous reactions, 
which are more diffuse and disappear in a short time. Second, the solu- 
bility of the reacting substance in alcohol distinguishes it from the known 
tuberculin-active substances of the tubercle bacillus, which are insoluble 


1 From the von Ruck Research Laboratory for Tuberculosis, Asheville, North Carolina. 
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in alcohol; and, on the other hand, it is known that the alcohol-soluble 
substances of the bacilli cause a strong local irritation, but no specific 
reactions. Third, complement fixation with patients’ sera involves 
many sources of error, as we may see from the experience gained in 
the identification of typhoid bacilli with patients’ sera, which was 
attempted in the first era of the use of specific sera for the identification 
of bacilli. With a very potent rabbit serum we found the complement- 
fixation test less sensitive for the demonstration of the specific substances 
of the tubercle bacillus than the skin test on a moderately sensitive 
guinea pig. 

The following general considerations are strongly against the proba- 
bility of the excretion of bacillary substances in the urine. It has been 
proven that the observation that antigens and antibody can be present 
in the serum at the same time was due only to the multiplicity of 
antigens injected (4). It seems to be a general rule that with the 
appearance of sensitiveness antigens disappear from the circulation, 
and that in the sensitive animal they are fixed at the site of the injec- 
tion (5). This has also been demonstrated for tuberculosis. For in- 
stance, in a paper by Selter (6) we find the observation that even 
enormous amounts of tuberculin are fixed in the peritoneal cavity of 
the tuberculous guinea pig for the time during which the tuberculin can 
be demonstrated in all organs and humors of the normal animal. 

In a recent article Frisch (7) has shown that old tuberculin after intra- 
venous injection disappears from the circulation in infected rabbits 
earlier than in normal rabbits; however, after the intravenous injection 
of 2 gm. of tuberculin, the latter can be demonstrated in the urine during 
the first three hours. The conditions attending intravenous injection 
are so different from the normal conditions of resorption from a local 
focus that from an excretion of tuberculin after its intravenous injec- 
tion no conclusion can be drawn. The precipitable substance appear- 
ing in the urine of pneumonia patients belongs to a class of antigens that is 
quite different in its immunological properties from the usual antigens, 
the antigen excreted seems not to have any biological effect if injected 
into the body, and no hypersensitiveness against it is present in the 
patients. 

Quantitatively, the presence of 0.02 mgm. old tuberculin, the usual 
amount for the skin test, in 1 cc. of urine, which is injected in the Wild- 
bolz test, would mean the excretion of 25 mgm. tuberculin in a day. 
We find usually in the literature the urine reaction corresponding to 0.01 
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mgm. old tuberculin, but reactions corresponding to 0.1 mgm. are quite 
frequently reported. Even if the above calculations are very far from 
being exact, it seems improbable that a man, who reacts to a few tenths 
of 1 mgm. or to a few milligrams of tuberculin with a severe constitutional 
reaction, would excrete daily many times the amount which causes a 
general reaction. 

Although it is not very probable that specific substances are excreted 
in the urine, we were attracted to the close study of this problem by the 
importance which seems to us to be connected with studying the antigens 
of the tubercle bacillus as present in the animal body. Our results with 
the urine of tuberculosis patients were entirely negative. In this connection 
the question arose whether the patient receiving considerable amounts 
of bacillary products during specific therapy excretes appreciable amounts 
of tuberculin, and whether bacillary products can be detected in the 
serum and urine of tuberculous guinea pigs injected with specific prod- 
ucts. The results were negative. This lessens the probability of the 
specificity of the skin test obtained with concentrated urine on human 

‘skin, and therefore the experiments were not continued. 

To control on guinea pigs the observations made on tuberculous men is 
difficult, because the sensitiveness of the guinea pig is lower than human 
sensitiveness. A high sensitiveness of the guinea-pig skin, as mentioned 
by Romer (8), is rare, and even a sensitiveness corresponding to 1/2000 
to 1/3000 cc. of tuberculin (1/10 to 1/20 of the sensitiveness often found 
in man) is not always reached. The low sensitiveness of the animal skin 
is the only objection which can be brought against the conclusions of 
Ornstein. The concentration of the specific substance eventually pres- 
ent and the elimination of nonspecific irritating substances are important 
for experimentation on guinea pigs. According to our observations, 
dialysis is not a suitable method to exclude nonspecific reactions if the 
urine is concentrated more than 1 to 10. We used a method of concen- 
tration based on the supposition that the specific substances in the urine 
have the same chemical properties as the known soluble specific sub- 
stances of the tubercle bacillus.2, The alcohol-soluble substances were, in 
the course of the concentration, eliminated but in the cases in which they 
were carefully examined no specific reaction was found with them. 

The method of concentration used was as follows: 1-2000 cc. of urine, 


2 According to a short preliminary communication by Bieling (9), the chemical properties 
of true tuberculin would be essentially different from what was formerly supposed. The 
observations on which this statement was based are not published. 
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collected under toluol, was evaporated after filtration at 25° to 35°C., 
using a powerful air current, to 1/20 of the original volume. During the 
evaporation thymol was added. After filtration from the precipitated 
salts, the urine was mixed with an equal amount of 90 per cent alcohol. 
It was then centrifugated, and again mixed with 9 volumes of 100 per 
cent alcohol. The precipitate was centrifugated after a few hours, and 
suspended in 20 cc. of water containing bromthymol blue, and then 
NaOH was added until the pH reached approximately 7.6. After cen- 
trifugation, 0.2 cc. of guinea-pig serum was added to the clear fluid, and 
precipitated at 37°C. with ammonium sulphate, The precipitate was 
suspended after filtration in 0.5 to 0.8 cc. of physiological salt solution, 
and this was used for the skin test. From 0.05 to 0.02 cc. of this suspen- 
sion did not usually cause an appreciable reaction on the normal control. 
When to 1000 cc. of normal urine 5 cc. of a watery extract of tubercle 
bacilli was added, one-third of the original tuberculin effect was recovered 
in the precipitate; and from 2 cc. one-fifth to one-tenth. But, in one case, 
when a guinea pig with only a slight skin sensitiveness was used (1/800 
cc. of watery extract had given only a slight reaction), the presence of 
specific substance in a normal urine containing 1 cc. of watery extract 
could not be demonstrated, and the preparation obtained from the mix- 
ture of 0.1 cc. of watery extract with 1000 cc. of urine gave only a slight 
reaction in a sensitive guinea pig. 

This method of concentration with small amounts of watery extract is 
not very powerful, but it seems to be superior to the simple concentration 
of the urine, because the nonspecific reactions are excluded better. We 
examined, in several cases, whether the specific substances of the urine 
of tuberculosis patients are not contained in the discarded precipitates 
or filtrates, and also whether using a different pH during certain phases 
of the concentration better results would not be obtained. It would 
seem to be superfluous to discuss the different phases of these attempts. 
Neither with the concentration of the specific substances as described 
above, nor with the simple concentration of the urine to 1/10 of its vol- 
ume and dialysing it, were positive reactions obtained with the urine 
of patients having extensive tuberculosis. The guinea pigs used in this 
experiment reacted strongly to 0.001 or 0.0005 cc. of watery extract. As 
the effectiveness of different old tuberculin preparations varies, no 
comparison can be made between the effectiveness of the watery extract 
used and that of the old tuberculin. 

The negative results of these experiments led us to examine whether 
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specific substances could be demonstrated in the urine of patients 
treated with specific preparations, and in the urine and blood serum of 
tuberculous and nontuberculous guinea pigs injected with watery extract 
of the bacillus. As these experiments, which we will describe later, gave 
negative results, it seemed to us improbable that specific substances 
could be demonstrated in the urine of tuberculosis patients, and we 
abandoned the search for a more efficient concentration, and did not 
repeat the experiments with exceptionally sensitive guinea pigs. 

Four samples of urine of tuberculosis patients who had received 1 
cc. of watery extract (in the form of von Ruck vaccine), which corre- 
sponds roughly to 0.5 to 1 cc. of old tuberculin, were collected during the 
24 hours following the injections. The reactions obtained either after 
concentration to 1/10 of the volume, or concentration and purification 
as above described, were uniformly negative. 

Two tuberculous guinea pigs with moderately advanced anatomical 
lesions received 1/100 of their body weight of watery extract subcutane- 
ously. They were found dead twelve hours later. The urine was col- 
lected from the bladder and the blood from the heart. The urine was 
concentrated to 1/3 of its volume, and, as well as the serum, tested intra- 
cutaneously. None of the samples caused positive reactions on a guinea 
pig which reacted well to 0.001 cc. of watery extract. A nontuberculous 
control guinea pig, injected with the same amount (1/100 of its body 
weight) of watery extract subcutaneously, and killed twelve hours later, 
gave positive reactions to both the serum and urine, showing in the 
urine a dilution of 1 to 100 of the specific substance. The correspondence 
between the dilution in the urine and the amount injected in proportion 
of the body weight is in the last experiment accidental, but it shows that 
in the normal animal the specific substances are excreted in great amounts. 
These observations on the excretion of tuberculin are in accord with the 
observations of Selter (6), but Selter observed the guinea pigs for only two 
hours. 

The observation that the patients receiving considerable amount of 
specific preparations and tuberculous guinea pigs killed with specific 
preparations do not excrete in the urine specific substances in amounts 
demonstrable by skin reactions on guinea pigs, seems to us to over- 
balance the difference in sensitiveness between the human and guinea- 
pig skin, and seems to allow the conclusion that substances with tubercu- 
lin activity are very probably not excreted in the urine of tuberculosis 
patients. Atleast, such specific substances are not excreted which con- 
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tain the same active principle as is contained in all preparations obtained 
from the tubercle bacillus. 


SUMMARY 


1. All attempts to demonstrate the presence of substances possessing a 
tuberculin effect on tuberculous guinea pigs, either in the urine of pa- 
tients with extensive tuberculosis or in the urine of patients receiving dur- 
ing specific therapy considerable amounts of specific substances, were 
negative. 

2. No demonstrable amounts of the specific substances were present in 
the blood serum and urine of guinea pigs killed by the injection of watery 
extract of tubercle bacilli. 

3. The specific substances were present in great amount in the urine of 
normal guinea pigs injected with the same amount of watery extract. 

4. From these observations, and from general considerations concern- 
ing the fate of antigens in the sensitized body, it appears to be improbable 
that tuberculosis patients excrete substances having the biological 
effects of tuberculin in amounts accessible to our observation, and the 
skin test observed with the urine of patients cannot be interpreted as a 
specific reaction. 
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A NOTE ON THE RESISTANCE OF SPECIFIC PROPERTIES 
OF THE TUBERCLE BACILLUS TO SODIUM HYDROX- 
IDE AND HYDROCHLORIC ACID 


WITH REMARKS ON THE RELATION BETWEEN THE ANTIGENIC 
EFFECT IN COMPLEMENT FIXATION AND THE 
TUBERCULIN EFFECT! 


L. DIENES anp E. W. SCHOENHEIT 


In a former paper the conclusion was drawn that there is sufficient 
evidence to believe that the protein substances of the tubercle bacillus 
are the bearers of the effectiveness of bacillary products, both in the 
hypersensitive animal body and as antigens in the complement-fixation 
reaction iz vitro (1). This conclusion was drawn from the close parallel- 
ism between the content of coagulable protein of different preparations 
and their antigenic effectiveness for both reactions, and from the obser- 


vation that after the coagulation of proteins only a small fraction of the 
original effectiveness of the preparation remains. The remaining effec- 
tiveness was almost the same for both tests, but usually was found slightly 
higher when examined in the skin test on tuberculous guinea pigs than in 
the complement-fixation test. With weak solutions of antigens contain- 
ing considerable amounts of nonspecific material, hardly any significance 
can be attributed to the observed difference. 

No parallelism of the two tests was found with NaOH extracts when a 
higher concentration of NaOH was used and the extracts were exposed 
longer to it. In table 1 of the above-mentioned paper a NaOH extract, 
obtained with 1 percent NaOH and extracted during three days, showed a 
moderate effectiveness in the skin test and no appreciable effectiveness 
in the complement-fixation test. 

The above mentioned two observations induced us to examine the 
resistance of the two antigenic properties against exposure to NaOH 
and HCl. Ten cubic centimetres of a fresh bacillary emulsion, freed 
through centrifugation from large clumps, and 10 cc. of watery extract of 
tubercle bacilli, respectively, were mixed with different amounts of NaOH 


1 From the von Ruck Research Laboratory for Tuberculosis, Asheville, North Carolina. 
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and HC]. After three days they were neutralized and, as described for- 
merly, the effectiveness of each preparation was titrated in the skin test 
and in the complement-fixation test. In table 1 the strength of the 
preparations is expressed after the exposure to NaOH or HCl in the frac- 
tions of the original strength. 

Table 1 is far from being complete. The influence of small amounts of 
NaOH and of short exposures to it was not examined. But it is clear 
that antigens concerned in the complement-fixation test are destroyed 
earlier and more completely, through both NaOH and HCl, than is the 
effectiveness of the preparations in the skin test. The reactions marked 
as less than a certain value in table 1 may represent very low values, 


TABLE 1 


POTENCY IN THE 
SKIN TEST ON 
TUBERCULOUS 
GUINEA PIGS 


POTENCY AS ANTIGEN 
IN THE COMPLEMENT- 
FIXATION TEST 


Bacillary emulsion (not treated) 1 

The emulsion kept for 3 days in 1 per cent NaOH 
solution, then neutralized Less than 1/15 

3 days in 5 per cent NaOH solution Less than 1/15 

3 days in 0.3 per cent HCI solution................. 1 

3 days in 1 per cent HCI solution 1/1.5 

3 days in 3 per cent HCI solution 1/15 

Watery extract kept with 1 per cent NaOH solu- 
tion for 3 days Less than 1/20 

3 days with 3 per cent NaOH solution..............| By 1/10, checking 

in itself 

3 days with 0.3 per cent HCI solution 1 

3 days with 1 per cent HCI solution 1/2 

3 days with 3 per cent HCI solution................] Less than 1/10 


but the nonspecific effects of the solution, or a too great dilution of it, 
prevented the examination of greater amounts. ‘The resistance of the 
specific effectiveness of the tubercle-bacillus preparation against heat, as 
it is well known, is very high. Two hours’ heating in the autoclave at 
14 pounds pressure has had no influence on those materials examined, 
either in the complement-fixation test or in the skin test. 

The two observations mentioned at the beginning of this note are 
explained by the greater sensitiveness of the antigen of the complement- 
fixation test. But we do not believe that the observation of a marked 
difference in the resistance of the specific properties connected with the 
two immunological reactions makes it necessary to change the concep- 
tion that both reactions are the reactions of the same protein substance. 
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This conception, until the protein substances of the tubercle bacilli are 
better known, perhaps even after that, can be only provisional. But the 
close parallelism of the two reactions of different preparations obtained 
from the same mass of bacteria seems to constitute a strong probability 
that the two reactions are connected with the same substrate. 

The observation that two different specific properties are connected 
with the same protein molecule is similar to the observation that the anti- 
genic effect of purified protein substances, as shown in the precipitin or 
complement-fixation reaction, can be made up of different, easily dis- 
tinguished partial effects. In some cases well-separated antigenic func- 
tions observed on the same microérganism can be attributed to different 
material substrates (the flagellar agglutinins (2), the antibodies against 
the lipoids of the tubercle bacillus (3), etc.) But it cannot be supposed 
that the similarity found (besides great differences) between related pure 
protein substances is caused by the admixture of a certain amount of 
identical protein (4). Landsteiner (4) has recently again brought for- 
ward experimental evidence to indicate that the similarity in the anti- 
genic effect can be caused by the presence of the same or even similar 
chemical groups in the protein molecule, only a few of the chemical con- 
stituents having any significance for the specificity of the protein. We 
have to suppose, for instance, that in the proteins of an acid-fast sapro- 
phyte some of the immunologically effective chemical groups are similar 
to, and some of them different from the immunologically effective chemi- 
cal groups of the protein substances of the tubercle bacillus. This 
conception of the specificity and the explanation of the similarity between 
related pure antigens are thoroughly discussed in the recent book of 
Wells (5). 

We can suppose that the antigenic effect connected with complement 
fixation and the effectiveness on the hypersensitive animal body are con- 
nected with different immunologically effective groups of the protein 
molecule of the tubercle bacillus. This would explain the greatly differ- 
ent nature and significance of the hypersensitiveness of the animal body 
and the appearance of serum antibodies respectively, and would explain 
why we can find the two specific properties in different quantitative rela- 
tion to each other. According to the observation made by L. D. 
Scheff (6) in this laboratory, the protein substances of the acid-fast sapro- 
phytes are very potent in the complement-fixation test with tuberculous 
sera, and relatively less active in the hypersensitive animal. The dis- 
sociation of the two specific properties in the protein substances of the 
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saprophytic acid-fast strains is an evidence that the two properties can- 
not be bound to the same immunologically effective chemical groups, 
even if they are supposed to be bound to the same protein molecule. 

Maybe, it is of very little advantage to regard tuberculin and similar 
substances as protein substances showing, besides the usual immunologi- 
cal reactions of protein substances, reactions not generally found with 
them, and not as a class of substances apart. A clear understanding of 
this problem has not yet been reached, and any conception of it has only 
as much value as its value as a working hypothesis is. The conception 
tentatively given here may throw some light on certain aspects of the 
subject. 
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THE POTENCY OF THE WATERY EXTRACT OF SAPRO- 
PHYTIC ACID-FAST BACILLI AS TUBERCULINS AND 
AS ANTIGENS IN COMPLEMENT FIXATION! 


L. D. SCHEFF 


The close relationship of the saprophytic acid-fast strains to the tuber- 
cle bacillus in the serological reactions was established by the first inves- 
tigations of this subject, as well as a pronounced, if weak, tuberculin 
formation on the part of the saprophytes. However, it was shown that 
the bacteria in question can be differentiated by the absorption experi- 
ment of Castellani, using either the emulsions of these bacteria or their 
protein substances for the absorption of tuberculous sera. But, contrary 
to the behavior of the protein substances, the lipoids of the saprophytic 
strains could not be distinguished from the lipoids of the tubercle bacilli. 
It was thought worth while to examine the relation of the antigenic 
properties of the protein substances of the saprophytes, in both the com- 
plement-fixation test and for their tuberculin effect, in the way that the 
same relation was examined for the tubercle bacillus in a former publi- 
cation(1). The study of the watery extract was preferred to that of the 
whole bacteria, or of the culture filtrates, because of its relatively more 
simple chemical composition. 

The supposition that two different immunological phenomena, such as 
hypersensitiveness to bacillary products and serum reactions with anti- 
bodies, are connected with the same substrate, as was stated in the above- 
mentioned publication, requires either that in the two groups of phenom- 
ena the same substance is effective under very different conditions, or 
that different immunologically effective chemical groups of the same 
substance are responsible for both effects. A short discussion of this 
problem is found in a paper appearing together with this. We may 
expect that the study of the immunological properties of the saprophytes 
will bring some contribution to the study of the relation between tubercu- 
lin effect and the antigenic effect connected with serum antibodies. 
The technique used in the experimental work was the same as described 


1From the von Ruck Research Laboratory for Tuberculosis, Asheville, North Carolina. 
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in the paper formerly mentioned. The watery extracts were made from 
defatted bacilli, the dry content of the extracts was determined, and the 
protein content through coagulation with acid and boiling. 

The results of the experiments, as can be read from table 1, are that the 
smallest amount effective in the complement-fixation test is nearly the 
same with the proteins of the saprophytic acid-fast strains as with the 
proteins of the tubercle bacillus, but there is a marked difference between 
them regarding the tuberculin effect. There is some difference also 
between the two strains of tubercle bacilli examined, the extract of the 
less virulent being found less potent. The difference in the potency 
between the two strains of tubercle bacilli is undoubtedly smaller than 
that between the latter and the saprophytic strains. The watery extracts 
of the saprophytes are as potent antigens in the complement-fixation 


TABLE 1 


SMALLEST 
CONTENT OF CONTENT OF SMALLEST 
WATERY EXTRACT OBTAINED FROM DRY ORGANIC | COAGULABLE aiatee aes AMOUNT OF 

THE STRAIN MATERIAL IN PROTEIN IN me -TE | PROTEIN GIVING 
1 cc. 1 cc. REACTION IN THE) SKIN TEST 
COMPLEMENT- 
FIXATION TEST 


mgm. ym. mgm. mgm. 


Tubercle bacillus HD............. 11.3 ie 0.0015 0.00075 
Tubercle bacillus H 597 8.2 ; 0.002 0.002 
B. Moellersii 10.1 : 0.002 0.035 


test as are the watery extracts of the tubercle bacilli, although they 
are not able to absorb the antibodies in the absorption experiment. 

The quantitative discrepancy between the potency of the extracts of 
the acid-fast saprophytes in the two immunological tests offers an oppor- 
tunity to approch the problem of whether the mechanism of the produc- 
tion of skin sensitiveness of guinea pigs rendered sensitive through injec- 
tion of killed material is the same as that of the sensitiveness developed 
during the infection. It may be that the sensitiveness observed after 
injection of killed material is to be regarded as similar to the skin reaction 
observed after the injection of protein substances (Arthus phenomenon). 
The antibodies playing a part in the complement-fixation reaction seem 
to be an expression of the usual protein effect (as are the precipitins, 
which were found in the Arthus phenomenon to be closely related to 
skin sensitiveness (2)),and in this respect the proteins of the saprophytes 
are closer to the proteins of the tubercle bacilli than in their tuberculin 
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effect. Therefore, in case we should find that, in guinea pigs sensitized 
with killed material, no difference between the effect of the proteins of 
tubercle bacilli and of the saprophytes, as observed in infected animals, 
can be found, a fairly plausible conclusion could be drawn that the 
mechanism of sensitiveness in the two cases is not the same, and that the 
sensitiveness produced with killed material is the expression of the 
protein effect connected with the serum antibodies. The observation 
that the same difference is present between the effect of the different 
proteins in an animal treated with killed material as is observed in 
infected animals (as was really found to be the case) supports the assump- 
tion that the skin sensitiveness produced with killed material is essen- 
tially similar to the sensitiveness of infected animals. 

Three large guinea pigs were injected at five-day intervals with a 
heavy suspension of tubercle bacilli, freed from large clumps by centri- 
fugation and killed by being heated five minutes at 100°C. After five 
injections one animal responded with a moderately strong reaction to the 
injecton of 0.1 cc. of dilution 1:60 of the watery extract HD in the skin; 
another has given a reaction only to 1:20. In none of them were we 
able to obtain a positive skin reaction with the watery extract diluted 
1:5, or undiluted, of the Bacillus Moellersii and of the smegma bacillus. 

The extract of saprophytes, in the skin of guinea pigs sensitized with 
killed material, is relatively not more effective than in the skin of infected 
animals, which, as pointed out formerly, is in favor of regarding the two 
sensitivenesses as essentially alike. 


DISCUSSION AND SUMMARY 


The examination of the watery extracts of the saprophytic acid-fast 
strains has brought out facts which are in agreement with the observa- 
tions made on the emulsion and culture filtrate of the bacteria. There 
exists a very close quantitative parallelism in their effectiveness, in the 
complement-fixation tests, with that of the extracts of the tubercle bacil- 
lus, and a great quantitative discrepancy in the tuberculin effect, the 
extracts of the saprophytic strains having some, though little tuberculin 
effect. 

Some conclusions are drawn as to the significance of the skin sensitive- 
ness observed in guinea pigs treated with killed bacillary material. The 
great difference in the potency of the two immunological reactions 
observed with the extracts of the saprophytes as compared with the 
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extracts of tubercle bacilli shows that the material substrate of these two 
phenomena cannot be the same. This suggests, if there are reasons to 
suppose that both effects are connected with the protein substances of 
the bacillus, as we believe they are, that very probably they are connected 
with different immunologically effective groups of the protein substances. 
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STUDIES IN TUBERCULOSIS 


Ill. THE CLINICAL SIGNIFICANCE OF CONSTITUTIONAL REAC- 
TIONS FOLLOWING CUTANEOUS TUBERCULIN TESTS! 


FREDERICK EBERSON? 


As confirmatory evidence of definite tuberculosis in adults the focal 
reaction has been accepted as pathognomonic when subcutaneous inject- 
ions of tuberculin have been given in the manner of “provocative” 
doses. ‘The consensus among tuberculosis specialists is that a constitu- 
tional reaction without a focal reaction is of no significance. In this 
connection a recent communication from the Trudeau Sanatorium at 
Saranac Lake, New York, is to the point. In a report (1) it is stated 
that a constitutional reaction with 10 mgm. of tuberculin in the absence 
of any rales or definite change in the X-ray picture is to be interpreted 
as nontuberculous in the same sense as one construes a failure to react 
with tuberculin; an X-ray lesion, however, which shows a focal reaction 
after tuberculin bespeaks tuberculosis which is definitely clinical; again, 
a nonclinical tuberculosis which manifests a constitutional reaction with- 
out any change in physical signs or in the X-ray picture, is nontubercu- 
lous as far as the tuberculin is concerned. In another place (2) these 
points have been reiterated and stress placed on the changes in physical 
signs (occurrence of rales during the reaction and disappearance of these 
within 36 to 48 hours) and an increased haziness around the X-ray focus. 
In the absence of these criteria a constitutional reaction is ignored, re- 
gardless of the dose required to provoke it. However, the report con- 
tinues, in the presence of a constitutional reaction the tuberculin is not 
pushed any further, even when the critical and supposedly diagnostic 
dose of 10 mgm. has not yet been reached, on the assumption that a 
patient will react constitutionally at least to such a dose. 

It is not within the scope of this paper to discuss the diagnostic tuber- 
culin reaction from the standpoint of pulmonary tuberculosis alone. 


1 This work was done with the aid, in part, of a grant from the Hennepin County Tuber- 
culosis Association in Minneapolis, Minnesota. 

? Glen Lake Sanatorium, Oak Terrace, Minnesota, and Department of Medicine, Uni- 
versity of California, San Trancisco. 
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Even here a categorical statement cannot be made unchallenged. In 
considering the significance of a constitutional reaction with tuberculin 
there is a point of approach which may help to interpret the phenomenon. 
A study of tuberculosis in children or in adults in whom there is frank 
evidence of nonpulmonary tuberculosis may offer a broader conception 
of the problem. Obviously, the current interpretation of a constitutional 
reaction is more closely allied to the question concerning the amount and 
severity of tuberculosis in the lung of a suspect than it is to an evaluation 
of the reaction in terms of tuberculosis. From the biological standpoint 
we wish to know the meaning of this reaction, and to ascertain whether or 
not it occurs in persons who present symptoms, along with objective 
signs, of tuberculosis of the lymph nodes or of the intestines, bones or 
joints. If a child, for example, has tuberculous adenitis with all of the 
classical symptoms of the disease, and is a clinically active case of non- 
pulmonary tuberculosis, the occurrence of a constitutional reaction 
following the use of tuberculin is not without significance. The same 
holds true for tuberculosis elsewhere to the exclusion of pulmonary 
involvement in the usual sense. Moreover, in children the pulmonary 
disease is totally different from that which is seen in adults. ‘Hilum 
tuberculosis” in children is tuberculosis none the less, and juvenile 


tuberculosis always demands vigorous and vigilant treatment. If, 
therefore, such children react constitutionally to tuberculin, and if, 
moreover, in these cases the tuberculin test was made by the Pirquet 
method, these clear-cut reactions are perhaps of some significance. 


CLINICAL INVESTIGATION 


Material studied: In a series of 130 patients, of whom 3 were adults, 
31 were taken at random for a detailed study of tuberculin tests, with 
special reference to constitutional and focal reactions. Another group, 
hereinafter to be discussed, numbered 13 additional adult patients. 
The term focal reaction is to be understood here as applying not only to 
pulmonary findings, but to tuberculous foci anywhere in the body, 
whether lymph nodes, bones, joints or intestines. For practical purposes 
the major group comprises chiefly patients with juvenile tuberculosis. 
These ranged from the age of 16 months to 12 years. At the very outset 
the material for study falls into a definite category in which the clinical 
history and certain physical and X-ray findings are both conclusive and 
pointed. 

Technique: Tuberculin tests were made with bovine and human tuber- 
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culin.? The cutaneous method was used, and in a few subsequent tests 
the intracutaneous technique was employed in conjunction with it. 
This latter procedure was followed in a limited number of patients in 
whom a comparative study of both types of tuberculin was being made. 
In two cases the tuberculin was injected subcutaneously with an initial 
dose of 0.5 mgm. Irrespective of the number of tests a constitutional 
reaction was obtained uniformly in those patients who reacted to an 
initial cutaneous test. A temperature record was prepared for 48 hours 
prior to the test, and readings were taken every two hours thereafter for 
a few days or until the temperature returned to normal for that patient. 
The flexor surface of the forearm was cleansed thoroughly with 50 per 
cent alcohol and allowed to dry. A drop of each of the tuberculins (0.05 
cc.) was placed on the forearm, about 5 cm. apart. The area was 
scarified through each drop by means of a globular dental burr, and over 
it was laid a small piece of sterile absorbent cotton which was held in 
place by means of a narrow strip of adhesive plaster. The cotton was 
removed after 24 hours and the reactions recorded. 


Juvenile Cases 


Clinical history: In every case a definite history of exposure to tubercu- 
losis was obtainable and corroborated in most instances by the fact that 
one or both parents, a brother, sister, or near relatives were suffering 
from tuberculosis. A typical history conformed fully or for the most 
part to the following local and constitutional symptoms: frequent 
obstinate “‘colds,”’ cough, hoarseness, easy fatigability, lassitude, nervous 
irritability, loss of appetite, stationary or subnormal weight, stunted 
growth, flabby musculature, postural defects, profuse sweating of un- 
known cause, periods of unaccountable rise in temperature above 99.6° 
and as high as 100.5°. In several instances there was an associated 
phlyctenular conjunctivitis or keratitis and the classical picture of a 
scrofulous ‘‘diathesis.”’ 

Physical findings: Unilateral or bilateral cervical adenopathy was 
observed most commonly. In a goodly proportion of the cases axillary 
and inguinal lymph nodes were enlarged and definitely palpable. Tuber- 
culous cervical adenitis was diagnosed readily in 75 per cent of the cases. 

Paravertebral dulness was present in 90 per cent of the patients. 

Tuberculosis of the bones was diagnosed in 5 cases. 


3 The tuberculin used in this study and in previously reported work was furnished by 
the Eli Lilly Company of Indianapolis, to whom the writer is indebted for generous supplies 
of material and kind codperation. 
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Definite parenchymal tuberculosis of the so called “adult type” was 
present in 3 cases. 

Roentgen findings: All of the patients in the series (28) had definitely 
enlarged hilum lymph nodes with thickened tissue in the hilum. Usually 
these findings were bilateral and often more pronounced on one side. 
Tracheobronchial node enlargement was present in 9 cases. Calcifica- 
tion of lymph nodes at the hilum, in the lung or near the bronchi was 
observed in 18 instances and caseous lymph nodes in 3. Primary foci 
could be visualized definitely in 10 cases. These were generally calcified, 
although in some patients this condition was not marked. Calcified 
cervical lymph nodes were shown clearly in 3 cases. In these an un- 
mistakable connection between adjacent lymph nodes and calcified 
hilum nodes was demonstrable. 

Tuberculin tesis: Cutaneous and intracutaneous tuberculin tests were 
positive in every case. These observations had been repeated several 
times over a period of one to two years, and in this study the reactions 
were checked by repeated tests which were made at suitable intervals. 

Constitutional reactions: Typical constitutional reactions were observed 
in 25 cases, or approximately 90 per cent of the group. 

The reaction was characterized by a rise in temperature ranging from 
one to four degrees with a corresponding acceleration of the pulse rate. 
The reaction set in usually within ten to twelve hours after the test and 
was at its height after 24 hours. For a day or more following, an irregular 
elevation of temperature occurred in some cases. As a rule the norm for 
a given patient was reached within 48 hours after the test. 

The local reactions in most of these patients were quite violent, but 
were not necessarily correlated with the intensity of the constitutional 
reaction in any given case. Lymphangitis was associated with intense 
reactions in over one-half of the cases. 

Focal reactions were manifested in every patient who had some evident 
lymph-node involvement. The adenopathy became more pronounced, 
and local heat, swelling and pain were characteristic. At times a profuse 
purulent discharge occurred from cervical lymph nodes which had been 
suppurating only slightly. In those patients with tuberculosis of bone, 
localized pain was present at the height of the reaction. In one instance 
only were there any definite pulmonary signs after intracutaneous tuber- 
culin. This was observed in a young patient in whom parenchymal 
tuberculosis had been diagnosed previously. 

Analysis of typical cases: A few representative protocols, which will be 
described in some detail, illustrate the significance of a constitutional 
reaction in children in whom pulmonary tuberculosis is absent according 
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to ordinary diagnostic criteria. The importance of these reactions in 
latent or undiagnosed juvenile tuberculosis appears to be well founded on 
the basis of the observations which are reported in this clinical-experi- 
mental study. 


Case 1235: Female, age 7 years. The mother of this child has had active 
pulmonary tuberculosis since the child was three years old. History: Occa- 
sional afternoon rise of temperature and frequent obstinate ‘‘colds” brought 
the patient to the clinic. Her cheeks were flushed usually in the morning 
and afternoon, and coughing spells were not infrequently associated with 
mild fever. She tired easily. Physical findings: Palpable anterior and 
posterior cervical lymph nodes and paravertebral dulness, with increased 
whispered voice to the level of the third thoracic vertebra were the only 
definite findings. X-ray findings: Enlarged and calcified bronchial lymph 
nodes were present. Tuberculin tests: Pirquet with bovine O.T. and _ tuber- 
culin derivatives was strongly positive. Lymphangitis extended upward on 
the flexor surface of forearm and persisted for two days (Fig. 1). Consti- 
tutional reaction: An elevation of about 3.5° above the normal range was 
recorded. 

Case 1365: Female, age 5 years. Mother died of tuberculosis when the 
child was a nursling. History: The patient was never strong. At the age 
of four years she manifested symptoms of easy fatigability, and at this time 
a Pirquet test was positive. Her cervical lymph nodes have been swollen 
for the past year. Physical findings: Anterior and posterior cervical aden- 
opathy and paravertebral dulness were present. X-ray findings: Markedly 
enlarged tracheobronchial lymph node was visualized clearly in the second 
left interspace behind the second and third ribs; enlarged and calcified hilum 
lymph nodes were present on the right side. Twuberculin tests: Pirquet with 
bovine and human O. T. was strongly positive and most pronounced with 
the bovine tuberculin. Violent reactions were produced with tuberculin 
derivatives in subsequent tests. Lymphangitis accompanied the reactions 
(Fig. 2). Constitutional reaction: A marked rise in temperature occurred 
within 8 hours after the test, reached a maximum of 103° at the twelfth hour, 
and fell to normal within 48 hours (chart 1). The reaction was accompanied 
by painful swelling of the cervical lymph nodes. 

Case 1367: Male, age 5 years. Maternal uncle died of tuberculosis. The 
child was not exposed to this source of infection, however, but evidence was 
obtained to prove that milk from tuberculous cows was responsible. Jistory: 
The patient was well until December, 1922, when he developed frequent 
attacks of earache accompanied by discharge. Two months after the onset 
of earache, the lymph nodes on the left side of the neck enlarged and the 
overlying skin became intensely inflamed. Subsequent to lancing, which 
was practised before the child came to the Sanatorium, his neck became so 
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stiff that movement of his head was impossible. In August, 1923, a Pirquet 
test was positive. Physical findings: Unilateral enlargement and suppura- 
tion of the cervical lymph nodes. X-ray findings: Enlarged caseous lymph 
node at the base of the right lung; apical pleurisy of the right side; enlarged 
tracheobronchial lymph nodes at the right hilum. Tuberculin tests: Pirquet 
test with bovine and human O.T. was positive and associated with a lym- 
phangitis (Fig. 3). Pirquet test which was made one month later with tuber- 
culin derivatives—Ether-insoluble X substance and Acetyl O.T.—gave 
violent reactions with a lymphangitis (Fig. 4). Constitutional reaction: 
The initial tuberculin test was followed by a rise in temperature of one degree 
after 6 hours and a further elevation 28 hours later to 101.2°. An abrupt 


Date |July 5"| 6 9 10 11 
8 \12| 4| 8 | 8 |12|4 12|4 12|4 12|4 12|4 
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To X-ray | 


Tuberculin 
test 950 A.M 


CHarT1. Patient M.B. CONSTITUTIONAL REACTION WITH PIRQUET TEST 


fall to normal occurred on the following day and this was succeeded by another 
rise to 100.6°. This fluctuation was maintained for another two days until 
the norm was reached on the fifth day after the test. The second test which 
was made intracutaneously 19 days later was followed by a similar con- 
stitutional reaction. A third test with Pirquet technique was made one 
month after the initial (Pirquet) test. A rise in temperature of about three 
degrees with a maximum elevation to 101.8° after 22 hours occurred. 

The series of reactions to tuberculin was accompanied by a profound 
inflammatory reaction in the cervical lymph nodes. 

Case 903: Female, age 2 years and 3 months. The father has pulmonary 
tuberculosis. History: The child coughed considerably during the previous 
winter. She gained weight very slowly and was irritable. There were 
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Nic. 1. Patient M. Prrover Test. Reraction AFTER 24 Hours 
Fic. 2. Patrent M. B. Prrovet Test. REACTION AFTER 48 Hours 
Itc. 3. Patient C. K, Prrover Test. REAcTION arreR 24 Hours. Bovine 
Hewax (IP) 
Mic. 4. Patrenr C.K. Prrquer Test. Reaction arrer 24 Hours. 
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questionable night sweats. The Pirquet test was positive one year and 
Physical findings: The posterior cervical lymph nodes were enlarged ago. 
palpable. No definite pulmonary pathological changes were discovered. 
X-ray findings: An extremely large calcified tracheobronchial or intrapul- 
monary lymph node was visualized at the root of the left lung in the third 
interspace. The remainder of both lung fields was clear. Tuberculin tests: 
Pirquet tests with bovine and human O.T. were moderately positive, the 
bovine tuberculin giving the more marked reaction. ‘Tests were repeated 
with tuberculin derivatives—Ether-insoluble X substance—which gave a 
very strong reaction, and Acetyl O.T. which was markedly positive also 
(Fig. 5). Intracutaneous tests which were made 7 weeks later with human 
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and bovine O.T. and Ether-insoluble X substance in dilutions of 111,000,000 
gave most violent reactions with the last-named material. Constitutional 
reaction: The initial tuberculin test was accompanied by a rise in temperature 
of 3 degrees 24 hours later. 

Case 1258: Female, age 16 months. The father has tuberculosis. This 
child, a frank case of tuberculosis of the right shoulder, left hip and left ankle. 
responded most violently to a cutaneous tuberculin test. The reaction was 
unusually severe and the constitutional phenomena assumed all of the charac- 
teristics of a true allergic response. This observation lends additional sup- 
port to the expressed belief that a constitutional reaction is associated with 
tuberculosis which has definite clinical significance. X-ray findings: Numer- 
ous calcified and enlarged lymph nodes at the root of the left lung; primary 
focus in the second left interspace; tuberculosis of the right shoulder, left 
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hip and left ankle. Tuberculin tests: Pirquet test with bovine and human 
O.T. was made one day after admission of the patient, and resulted ina 
violent local reaction in which the bovine tuberculin gave the sharpest 
response. Constitutional reaction: Twenty-four hours after the skin test 
was performed, the patient’s temperature rose until a maximum of 103.4° 
was attained at the thirty-first hour (chart 2). At this time a diffuse, punc- 
tiform rash appeared on the chest, abdomen and thighs, with an especially 
marked erythema over the pressure areas of the body. The child was isolated 
as a suspected case of contagious disease. The temperature fell rapidly 
during the evening and night, and became normal on the following morning. 
At the height of the reaction the patient had great pain in the affected limbs, 
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and she could not be touched without evoking distressing cries. Focal 
manifestations of swelling, heat and local reddening were present. 

Case 894: Male, age 12 years. The mother died of tuberculosis; a sister 
has tuberculosis. Physical findings: Cervical and inguinal adenopathy were 
present. There were no pulmonary pathological changes. X-ray findings: 
Enlarged and calcified hilum lymph nodes on both sides; increased linear 
markings throughout both lung fields. Yuberculin tests: Pirquet test was 
positive on admission in June, 1922. A subcutaneous injection of 0.5 cc. of 
dilution 1:1,000 human O.T. four days later gave positive local and consti- 
tutional reactions. Constitutional reaction: Elevation of temperature set in 
24 hours after subcutaneous injection of 0.5 mgm. of Old Tuberculin. A 
maximum temperature of 102° was reached during the ensuing ten hours, 
with a return to normal on the second day following the test (chart 3). This 
reaction was not accompanied by a focal reaction in the lungs. 
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Case 892: Male, age 15 years. There was a history of pain in the right 
arm and axilla, with afternoon fever and loss of weight and strength. On 
admission the patient’s arm showed a flexion deformity with spasm of the 
muscles of the shoulder girdle. There were three discharging sinuses on the 
lateral aspect of the arm, with atrophy of the arm muscles. Further examina- 
tion revealed a suspected tuberculosis of the lower dorsal vertebrae. The 
chest findings were negative. X-ray findings: Calcified lymph nodes in the 
right hilum with peribronchial infiltration of the right upper lobe; tuber- 
culous osteomyelitis of the right humerus with a sequestrum in the middle 
of the shaft; tuberculosis of the eleventh and twelfth dorsal vertebrae. Tuber- 
culin tests: One year and a half prior to these tests the patient had reacted 
positively to intracutaneous human tuberculin in a dilution of 1:10. The 
present more recent results obtained with bovine and human tuberculin 
and Acetyl O.T. were as follows: Bovine O.T., intracutaneous, was positive 
in dilutions of 1:100 and 1:10; human O.T., intracutaneous, was positive in 
a dilution of 1:1,000,000; acetylated O.T., Pirquet technique, gave a positive 
reaction. A subcutaneous injection of 7 mgm. of human O.T. gave a consti- 
tutional reaction with a rise in temperature of two degrees in 12 hours. No 
focal reaction could be demonstrated in the lungs, either by physical examina- 
tion or X-ray. 


Adult Cases 


This series included 13 patients, of whom 10 were suffering with frank 
advanced pulmonary or intestinal tuberculosis. Five of these patients 
were tested with Acetyl and Benzoyl derivatives of tuberculin. An 
intracutaneous injection of 0.01 cc. of these preparations was followed by 
a constitutional reaction of marked severity. In this group there were 
two cases which were not definitely diagnosed and which proved to be 
tuberculous at autopsy some weeks later. These observations have been 
reported elsewhere (3). Of the five remaining cases in the advanced 
tuberculosis group, all gave marked constitutional reactions with an 
intracutaneous injection of 0.01 cc. of the Ether-insoluble X substance 
derived from human Old Tuberculin. These results need not concern us 
here since they are not included in a study of moreor less obscure tubercu- 
losis which is the subject of the present paper. 

Three patients remain to be considered from the standpoint of a con- 
stitutional reaction without the so called “focal” reaction. Two of these 
responded to a subcutaneous dose of 3 mgm. and one to a dose of 5 mgm. 
of Old Tuberculin. The case histories and pertinent data are sum- 
marized in the following protocols. 
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Case 1228: Male, age 39 years. Clinical findings: Cough, expectoration, 
dry pleurisy and chest pains. Temperature range of 98.6° to 101°, and pulse 
of 70 to 94, night sweats, chills, languor, loss of weight and strength. All 
of these symptoms date back to September, 1923. Tubercle bacilli had 
been reported in the sputum on a previous occasion prior to the patient’s 
admission to the Sanatorium, but this finding was not confirmed. X-ray 
findings: A definite fibroid lesion was found in the left apex. At the height 
of the tuberculin reaction there was no change in the appearance of this 
area. Tuberculin tests and constitutional reaction: No reaction was obtained 
with 0.1 and 1.0 mgm. of Old Tuberculin. A definite constitutional reac- 
tion followed a subcutaneous dose of 3 mgm. The temperature rose to 101° 
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and fell to normal after 36 hours. At the height of the reaction the patient 
had a chill lasting 10 minutes. 

Case 1225: Male, age 23 years. The onset of symptoms which were 
insidious dated back 15 months. Clinical findings: Cough for 2 years, 
expectoration, streaked sputum, dry pleurisy. Temperature range, 97° to 
99°; pulse, 70 to 80; languor, loss of weight (slight), lack of endurance, loss 
of strength, anorexia, indigestion. X-ray findings: Normal chest. Plates 
which were made at the height of the tuberculin reaction showed no evidence 
of pulmonary tuberculosis. A barium study aroused suspicion of tubercu- 
lous enteritis. On two occasions there was a spasm of the cecum and ascend- 
ing colon. Tuberculin tests and constitutional reaction: No reaction followed 
an injection of 1 mgm. of human Old Tuberculin. A definite constitutional 
reaction was obtained with a subcutaneous dose of 5mgm. ‘The temperature 
rose to 101.6°, and was accompanied by a sharp chill 36 hours after the test 
and fell to normal at the forty-eighth hour. 
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Case 979: Female, age 47 years. Clinical history: Cough, night sweats, 
loss of weight, hemoptysis, bilateral pleurisy, malaise, insomnia. Physical 
findings: On the left side there were medium coarse rales after cough and 
with ordinary respiration. The rales were exaggerated by coughing. On the 
right side there were impaired resonance and distant breath sounds. X-ray 
findings: Slight parenchymal infiltration in the first left interspace with 
diffuse shading over the entire left chest. There was no change in this pic- 
ture during the height of the tuberculin reaction. Tuberculin tests and 
constitutional reaction: A constitutional reaction followed an injection of 3 
mgm. of Old Tuberculin. The temperature rose to 102.2° maximum 30 
hours after the test (chart 4). 


A summary of the typical cases is given in table 1. 


DISCUSSION 


A broader interpretation of the significance of constitutional reactions 
following tuberculin tests has been suggested in this study. Evidence 
has been adduced to show that definite nonpulmonary tuberculosis 
which is clinical and active may be associated with constitutional reac- 
tions, and that such reactions assume a greater significance in view of the 
fact that they may be elicited by cutaneous tuberculin tests. 

It does not seem rational, on the basis of the present findings, to dis- 
regard a constitutional reaction in the absence of a “‘focal”’ reaction when 
the so called ‘‘focal”’ response connotes merely a change in the pulmonary 
findings as determined by the stethoscope and the X-ray. In children, 
particularly, and likewise in adults, focal reactions are manifested in the 
lymph nodes, bones, joints or elsewhere, depending upon the type of 
tuberculosis which is present. 

A study of juvenile tuberculosis offers a more accurate method of 
approach in evaluating the significance of constitutional reactions. In 
these cases the pulmonary findings are distinctly different from those of 
“adult” tuberculosis. Indeed, there is good reason to believe that a 
focal reaction does occur in hilum tuberculosis without any alteration in 
the X-ray picture which is taken as a criterion in “adult” tuberculosis. 
We have evidence that tuberculous lymph nodes anywhere in the body 
react to an injection of tuberculin and this has been confirmed again by 
Glaessner (4). There does not seem to be any logical reason for ignoring 
a similar manifestation in the hilum of the lungs, even if the X-ray fails 
to reveal anything definite. The burden of proof should rest on data 
other than the X-ray in those cases, particularly, in which parenchymal 
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changes are made a sine qua non for interpreting the significance of a 
constitutional reaction. 

Constitutional reactions, as interpreted in the current sense, appear to 
overlook the significance of the reaction in terms of tuberculosis. The 
phenomenon is biological in nature, and squares with our knowledge of 
immunity principles. In a laudable attempt to exclude nonspecific 
reactions to tuberculin as a possible factor in the production of constitu- 
tional phenomena, it would seem that the immunological significance of 
the reactions has been minimized. In the series of cases which have been 
discussed in the present study, focal infections and other disturbing ele- 
ments had been ruled out by thorough examination and treatment of the 
patients. If we carry the idea a step further, and assume that constitu- 
tional reactions may be produced with foreign substances other than 
tuberculin, even such evidence would not be derogatory evidence in 
suspected or in definite cases of tuberculosis. In this particular con- 
nection it has been known for a long time that diseases, which are caused 
by microérganisms known to be notoriously weak in antigenic properties, 
can be modified by nonspecific protein therapy. In such cases the in- 
jection of a foreign protein will cause a constitutional reaction and a 


general alteration in serum-antibodies. The tubercle bacillus and its 
accompanying disease fit this analogy, and therefore a reaction which 
follows the injection of tuberculin is significant, especially when there is 
clinical evidence to support this biological phenomenon. 


SUMMARY AND CONCLUSIONS 


A series of 41 cases was studied from the standpoint of constitutional 
reactions following diagnostic cutaneous tuberculin tests. All of these 
patients had positive clinical histories, physical and X-ray findings, and a 
definite history of exposure to tuberculosis. 

In 90 per cent of the cases constitutional reactions occurred after cutane- 
ous tests with tuberculin. Local reactions were usually violent but not 
necessarily correlated with the intensity of the constitutional reaction. 

Focal reactions were observed in all cases with lymph-node involve- 
ment and with tuberculosis of the bones, joints or intestine. 

In the absence of definite “adult” parenchymal tuberculosis, the con- 
stitutional reaction was correlated uniformly with clinical tuberculosis 
elsewhere in the body. 

Roentgenological findings offered confirmatory evidence of the signifi- 
cance of a constitutional reaction in juvenile tuberculosis. All of these 
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young patients had enlarged hilum lymph nodes, tracheobronchial 
lymph-node enlargement was present in 32 per cent of the cases, calcifica- 
tion of lymph nodes in 64 per cent, and primary foci in 36 per cent. 

An analysis of typical cases in children and in adults suggests that a 
constitutional reaction means clinical tuberculosis, regardless of the 
X-ray picture, when the roentgenological diagnosis of a focal reaction is 
based solely on a change in the lung tissue. Focal reactions in this sense 
do not recognize the importance of like reactions elsewhere in the body, 
even when these are not seen grossly or with the X-ray. Hi 

The series of patients which has been studied with the foregoing idea 
in mind has lent itself to experimental control in the sense that the cases 
are unique for a study of this type and have been observed for a consider- i 
able length of time. Without exception, the patients have a definite i 
history of exposure to tuberculosis, and they manifest symptoms and 
signs of the disease,—they are tuberculous. 

The choice of experimental clinical material as described in the present é 

study should probably prove of some value in interpreting a biological ; 
phenomenon which seems to have considerable diagnostic importance. 
By careful exclusion of focal infections and other possible disturbing : 
factors in the production of constitutional phenomena, the reactions i 
take on added significance, especially when there are positive clinical 
observations to support a diagnosis of tuberculosis. 

As an aid in the diagnosis of juvenile tuberculosis it is suggested that 
the occurrence of a constitutional reaction following a tuberculin test 
(particularly when the cutaneous technique is used), and the eliciting of 
a suggestive clinical history warrant a positive diagnosis which points to 


: clinically active disease in some focus—bone, joint, lymph node, intestine ; 
or hilum lymph nodes. ‘ 

A more accurate interpretation of constitutional reactions should eval- i 

uate these in terms of tuberculosis in general, and not with respect to the F 


amount and severity of tuberculosis in any given instance. 
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MOLDS IN THE SPUTUM OF CASES OF PULMONARY 
TUBERCULOSIS 


MARY E. LAPHAM} 


In June, 1923, a woman 35 years old came to Highlands, North Carolina, 
because she was told that she had tuberculosis of the lungs and a high 
mountain climate would be beneficial. For twelve years loss of strength, 
appetite and weight, together with cough, expectoration and a tendency 
to elevation of temperature, had kept her in a state of invalidism and 
inability to work. The radiographs and physical findings were charac- 
teristic enough of tuberculosis, but the changes in the lungs were too 
moderate to account for the singularly even state of invalidism main- 
tained for twelve years. The most marked changes were found at the 
root of each lung, where a large thickened area suggested tuberculosis of 
the bronchial lymph nodes. From this patch in the left lung lines of 
thickened infiltrations ran up fan-wise toward the apex, but there were 
no signs of softening. The breath-sounds were uneven and suppressed, 
but there were no rales. Tubercle bacilli had never been found in the 
sputum, the lungs had not been greatly changed by their activities, and 
the long state of invalidism seemed to be essentially a state of functional 
depressions associated not so much with structural lesions as with some 
form of mild toxemia. All through the summer the patient steadily 
improved, with a gain in appetite, weight, strength and ability to sleep, 
so that when autumn came her physical condition was very satisfactory, 
although the cough and expectoration remained unchanged. 

The cough had always been distinctly periodical in its nature and 
resembled the periodical clearing out of cavities. The sputum had al- 
ways been singularly uniform in character and amount, and was rarely 
raised except during the periods of coughing. Because there was nothing 
whatever to suggest a cavity, radiographs were made on the first of 
November to see whether they could help explain the periodic cough. 
They showed a marked thinning out of the lines of infiltrations running 
up to the apex, and the thickened areas around the roots of the lungs were 
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so much clearer that we could see a small saccular dilatation at the root of 
each lung. 

The periodic nature of the cough and expectoration could be explained 
as caused by the periodic clearing out of these small dilatations, but the 
sputum did not in the least resemble that of bronchiectasis or of the small- 
est cavity. It was perfectly dry and firmly compact, and came away in 
clumps, suggesting the tough sole-leather clumps of fibrin clots. It 
seemed to be fibrous like fibrin, and when teased out it did notstretch 
into threads or films, but tore into what seemed to be its structural 
units, small granules of firm, greenish, grayish-white substance. Pressed 
out in glycerine and examined under the microscope, these granules 
appeared to be composed of felted fibres and small lymphocytes. The 
mass was too thick to be studied, but when sufficient pressure was applied 
to give enough penetration, the structural elements were too badly 
crushed. When smears were stained, the supposed lymphocytes did not 
appear, and, instead of the bold fibres of the granules, there were only 
fine threads of detritus. Many methods were tried to reproduce the 
fresh fields in stained ones, and the sputum was studied daily for a week, 
until finally a very curious cell was found just free near the edge of the 
fresh sputum. 

This unusual cell was about half the size of an egg of Trichocephalus 
dispar and something like it in shape; it was brilliantly conspicuous be- 
cause it was full of highly refractile globules about as large as 3 when 
seen under the 4 mm. lens; and it did not withstand alcohol and was 
destroyed by efforts to preserve it, as were two similar cells which ap- 
peared about two days later. Three days afterward a cell fully as large as 
an ascaris egg was found and was broken by the pressure of the cover 
glass. Now quantities of cells began to appear, filling the field, and look- 
ing like the first one seen and like another type, as though they belonged 
to two different series of development. They did not form part of the 
mass of small round cells and coarse fibres, but were apart by themselves, 
lying in a thin gelatinous substance. 

One type was round and about the size of a white blood corpuscle; 
its growth seemed to coincide with its production of granules, for their 
degree of pigmentation varied from an almost colorless cell with only a 
few fine granules up to complete opacity. The other type was much 
larger than any blood cell, and was not in the least like them or any other 
cell belonging to the respiratory system. Their distinguishing features 
were black pigment granules and highly refractile globules which made 
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the cells very conspicuous. One day the surface of the mass was streaked 
with what looked like fat globules, bunched together or spread out in 
streaks. They were of all sizes, from a dot to a small lymphocyte, and 
at first they were thought to be products of fatty degeneration. They 
did not stain with Sudan ITI, they could not be found in smears, they were 
destroyed by alcohol but not by glycerine or formalin, and they stained 
diffusely without differentiation of granules or nuclei. 

It now began to appear as though the supposed lymphocytes were not 
quite true to form, for they did not have the right kind of borders and 
did not stain like lymphocytes. Eventually it began to seem possible 
that the fat globules might be spores and the curious cells some reproduc- 
tive form of a mold. I took the slides to competent authorities at six 
different seats of learning, but they did not know what the cells were and 
said that they had never seen anything like them. ‘They were interested 
enough to make sections and cultures from the sputum, but all the re- 
sults were negative. They gave me tubes of culture media ready for 
use, but all failed to produce a culture. Finally, by using a home-made 
medium, a culture was obtained and identified by an expert mycologist 
as Aspergillus fumigatus. ‘This culture was made in a tent, in the dead of 
winter, with the ground covered with snow, and after a period of low 
temperatures not at all favorable to the persistence of molds in the freez- 
ing atmosphere. To remove the fear of contamination, cultures and 
controls were made until the uniform results of repeated growths of 
Aspergillus in a pure culture seemed to warrant the diagnosis of Asper- 
gillus within the sputum and therefore, within the lungs. 

This unexpected and purely accidental detection of Aspergillus, 
within the lungs of a case treated for tuberculosis for twelve years, 
should give us pause and make us ask: If in this case of negative sputum, 
why not in others? If in others,in how many? In what percentage of all 
cases of tuberculosis might we find Aspergillus? It is known that 
Aspergillus causes pseudotuberculous changes in the lungs. This fact 
is abundantly established. What we do not know is how often this may 
happen. Are we treating cases of chronic conditions resembling tubercu- 
lous processes in the lungs for tuberculosis when they are caused by 
Aspergillus? If they should be recognized as caused by Aspergillus, 
would that make any difference with the treatment? Should studies 
be made to determine the frequency of the residence of Aspergillus 
within the lungs, the nature of the changes it causes, the kind of toxemia 
it may induce, the average length of its duration, and its predisposing 
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or complicating influences on tuberculosis? We know that in Italy the 
residence of Aspergillus and Penicillium within the intestinal tract in- 
duces severe functional depressions associated with the disturbed metab- 
olism of iron, phosphorus and calcium; we have little or no information 
as to the functional depressions induced by the residence of Aspergillus 
in the Jungs. Should experimental pathology endeavor to give us this 
information? Routine cultures of all cases of sputum would inform us as 
to the frequency of the residence of Aspergillus within the respiratory 
tract. If this presence should prove to be common enough to make its 
study advisable, then mycology and pathology will need to join forces, 
for, in the present state of our knowledge, the mycologist does not neces- 
sarily know much about human pathology and the pathologist does not 
necessarily know much about mycology. 

If we begin the making of cultures as a routine measure in all cases 
of sputum, it is quite probable that we may obtain information in regard 
to other molds besides Aspergillus. Cases of Monilia and Alternaria 
have also been reported, together with various molds not as commonly 
mentioned. I now make it part of the routine examination of every case 
with secretions from the respiratory tract to make cultures, and the 
results have been surprising to me. 

As the spring of 1924 came on, three cases of tuberculosis that had been 
making very satisfactory progress came down with what we usually call 
a “cold” or a “relapse.” The first case was that of a young woman of 
24 who came to Highlands in rather a discouraging condition. This was 
a case of four years’ duration, with the right lung extensively held down 
by adhesions from former attacks of pleurisy and with an ulcer on the 
posterior wall of the pharynx burrowing under its overhanging edges. 
This ulcer had for six months been under the care of a specialist, who first 
thought it was syphilis, but changed the diagnosis to tuberculosis when 
no confirmatory evidence could be found. As all local treatment seemed 
only to increase the irritation, the woman was sent to the mountains as a 
last resort. In two years the right lung below the third rib was moving 
very well, the cough and expectoration were gone, the wall of the pharynx 
was clean, and the patient was in such good physical condition that plans 
were being made for going back to work in the autumn. She had earned 
quite a little by giving music lessons in the village, and the prospects 
seemed to be very bright when spring came and with it a most disastrous 
relapse. 

The right lung filled with wet rales, and there were profuse coughing 
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and expectoration, temperature of 102°, pulse of 110, respirations 34, a 
good deal of sweating and severe prostration. The temperature was 
normal after six weeks, but the wet lung did not “‘dry out,” and the cough 
and expectoration remained profuse. The sputum was greenish-yellow, 
thin and slimy, but there were no tubercle bacilli. Under the microscope 
the slimy sputum was seen to contain an abundance of cells looking so 
like the pictures of Coccidioides immitis that I at once called them cocci- 
diodal cells. Their content of lemon-colored highly refractile globules 
made them very conspicuous, so that the presence of some microérganism 
was at once suspected, and cultures were made, sent off for identification 
and diagnosed as Mucor. 

All through the summer little or no progress was made toward re- 
covery, but when cold weather came in the fall the patient began to 
improve steadily. Were these wet rales in a lung, which had previously 
been dry, caused by the Mucor found in the sputum? Was the acute 
bronchitis caused by Mucor and, if so, would it follow that Mucor could 
only cause an acute bronchitis in a lung already affected by tubercle 
bacilli, or would it be possible for it to attack a lung not so affected? 
Can Mucor be a cause of bronchitis? I have recently observed a case of 
chronic ethmoiditis of 20 years’ duration with a slimy sputum and a 
culture of Mucor. 

In 1923, a woman of 25 came to Highlands to escape the effects of hot 
weather in the lowlands. She had spent the greater part of the last two 
years chiefly in bed, because every time she tried to stay up her tempera- 
ture would average around 100°. She was weak and thin, with little 
appetite and restless nights, but she did not cough or raise very much, 
and the changes in the lungs were not severe enough to account for the 
two years of functional depressions. In the spring of 1924, she was 
walking for short distances regularly every day without fatigue or eleva- 
tion of temperature; she had made a good gain in weight and strength 
and was eating and sleeping well. Then warm weather came on, and 
and with it appeared pains in the joints and muscles and over the 
lungs with loss of strength, appetite and weight, and with fever, 
cough and expectoration. There were strings of mucus in the feces, and 
we at first thought that some intestinal disorder was responsible for the 
“relapse.” Accordingly, cathartics were given, and the patient would 
feel better for a few days after her bowels had been ‘‘cleaned out.” 

Cultures made from the sputum gave a pure culture of Allernaria, 
but that was not much help toward knowing what to do. The patient 
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dragged along for six weeks in a deplorable condition until, feeling per- 
fectly desperate, she began to wonder whether her teeth could be responsi- 
ble. She had been to the dentist for fillings, and he had said a little 
something about pyorrhoea, but now she told us that she had been 
treated several times for prolonged periods for pyorrhoea and she won- 
dered whether that was poisoning her. The dentist said that nothing 
could be done without taking out all the teeth, and that this would hardly 
be warranted at the age of 25. Cultures showed an Ozdium or Oéspora 
of some kind, but we did not know whether this was associated with the 
toxemia or not. Against the advice of the dentist, she insisted upon 
having all her teeth taken out, and the end seemed to justify the means, 
for in a month she was decidedly better and the improvement was main- 
tained as far as her aches and pains were concerned. She went away 
in the Fall somewhat better and stronger, but nothing like as well as she 
had been in the spring, and with Al/ernaria still present in the sputum. 

Could Allernaria be regarded as the cause of the cough, expectoration, 
temperature and prostration? It is useless to puzzle over this case with 
its positive sputum, Allernaria and Odspora, but it shows how ignorant 
we are of these conditions and the desirability of the comprehension 
which might be afforded by research work. Can Allernaria induce 
bronchitis? 

A man of 30 came to Highlands in the spring of 1923, with his right lung 
extensively involved and a history of two years of chronic malaria. 
Thanks to quinine and arsenic he made a good recovery, and in the spring 
of 1924 he began planning to go back to work in the autumn. Two 
weeks after the breakdown of the previous patient he came down with a 
similar attack. There were fever, cough and expectoration of greenish 
sputum, which gave a culture of Al/ernaria, but it did not contain tubercle 
bacilli and never had. This case was quite ill for a month, then the 
sputum began to lose its green color, to steadily lessen until it ceased, and 
recovery became steadily progressive, so that the patient went away in 
line condition in the fall. If the attack in the first case was caused by 
Alternaria did the second case “catch it” from her? Would a bronchitis 
caused by Alternaria be “catching”? There is a possibility that Alter- 
naria may cause bronchitis and that it may be contagious. 

A man of 56 had an extremely violent attack of bronchitis; so violent 
that bronchopneumonia was feared. Both lungs were wet, the cough 
and expectoration were profuse, dyspnoea was very trying and there was 
some cyanosis. The sputum was greenish and the cultures showed 
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Alternaria. After a few days another member of his family came down 
with the same kind of an attack, and the cultures showed Alternaria. 
Violent as these attacks were, they were over in a month and were not 
followed by any bad results. Did Allernaria cause these attacks and the 
second case ‘‘catch it” from the first? 

A young woman of 22 came to Highlands with a history of having 
been treated for tuberculosis in various sanatoria for three years. She 
had had many recoveries and relapses, but the most annoying factor was 
asthma which had always played a conspicuous part in the clinical pic- 
ture. During onc of these relapses she consulted an asthma specialist of 
international renown. After failing to obtain a reaction with 60 different 
tests, he finally succeeded in getting one with dust, and was perfectly 
satisfied with this bare fact without troubling himself to find out what 
might be the particular factor in the dust responsible for the reaction. 
On the strength of this reaction, he denied the possibility of tuberculosis, 
jeered at the former diagnoses, and held asthma responsible for the 
clinical conditions. 

During the winter of 1923 and 1924 the patient was fairly well, but 
when spring came she began to fee] languid and feverish while her cough 
and expectoration became very annoying. She then came to High- 
lands for the summer. ‘There was no doubt that she had tuber- 
culosis, for her sputum was full of tubercle bacilli, and the fresh 
specimen showed the same kind of cells that were found in the first 
case of Aspergillus. Cultures were made and a pure culture of Asper- 
gillus obtained. It is unfortunate that the asthma specialist did not have 
cultures made from the dust, because very likely it was the presence of 
Aspergillus in the dust which gave the reaction, and if cultures had been 
made this presence would have been discovered. If it had been dis- 
covered and if studies had been made to determine its relationship to 
asthma, information of practical value might have been obtained. 
We should like to know whether the increased temperature, cough and 
expectoration coming on with the spring could be associated with periods 
of efflorescence of Aspergillus. 

During the summer of 1924 a young mother of 22 came to Highlands 
for a diagnosis because she had been assured that she did and did not 
have tuberculosis. The sputum was negative, but the physical signs 
and clinical picture were those of tuberculosis. The upper part of both 
lungs were wet, the temperature ran above 100° every day, and cultures 
from the sputum showed a mold which I could not identify. 
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A man 35 years old came down with an attack of bronchopneumonia, 
with temperature 104°, respirations 40, cyanosis, dyspnoea, and both 
lungs wet. The sputum had a greenish cast, was full of bodies that sug- 
gested reproductive processes of a mold, and the urine reflected both of 
these conditions. It was also greenish and very turbid, and might easily 
have been considered as ordinary “fever urine” thick with urates. The 
heavy sediment was found to consist almost entirely of highly refractile 
globules, suggesting fat, and small cells looking like small lymphocytes. 
One day, while clinical manifestations were still at their height, the urine 
began to clear because the fat globules and small round cells were dis- 
appearing, and the next day the urine was so remarkably free from them 
that I ventured to say that the invasion had been overcome and nothing 
was needed but time. As the patient was suffering pain and dyspnoea, 
and his temperature was still high, and he coughed and expectorated 
profusely, my prophecy was met with smiling incredulity, which changed 
to astonishment when the next day brought marked improvement. 
Why did recovery follow so promptly upon the disappearance of the fat 
globules and small round cells from the urine? 

An attack of measles was followed by bronchopneumonia and, as the 
patient’s condition was unsatisfactory after six weeks’ duration, I was 
called in. The sputum was very peculiar. When received into 10 per 
cent formalin, it took the shape of pellets about the size of a small pea, 
grayish white, semitranslucent and rather firm, and in the centre of the 
pellet was a small black dot of pigment. These pellets looked a good 
deal like the spawn of frogs, and when the black dot was examined in 
glycerine it was seen to consist of small cells full of black pigment granules 
and resembling the cells seen in the sputum of Aspergillus. Hf cultures 
had been made of this sputum some information as to the nature of the 
bronchopneumonia, and even as to the nature of the measles, might have 
been gained. As this was not done, we only know that as the pellets 
with the pigmented cells began to disappear the patient began to get 
well. Would it be well to make cultures from the secretions associated 
with measles by adding a few drops of 25 per cent lactic acid to keep 
down the growth of bacteria? 

In June, 1924, a child three years old was suffering great pain in the 
region of the bladder and urination was frequent, profuse and painful. 
All through the night the child was wakened by the need for urinating 
and would scream out with pain. The temperature was 102°, and the 
urine was very turbid and had a thick sediment looking like phosphates 
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and pus, and was of high acidity. Under the microscope the sediment 
did not in the least suggest pus, although there w: re scattered red and 
white blood cells. There were no patches of squamous epithelium or 
small round cells of the pelvis of the kidney, and lack of suggestions of 
bladder or kidney inflammation was striking. The field was full of 
highly refractile globules and cells of various shapes and sizes, from those 
about the size of salivary corpuscles to those broader and longer than 
blood cells. There was even a suggestion of arrangement of these cells 
as though they might have been together. Cultures were made and an 
Oidium was identified by a mycologist. Remembering Sartory’s descrip- 
tion cf the residence of Ozdium within the pelvis of the kidney, and that it 
does not flourish in an alkaline medium, citro-carbonate of soda (Upjohn) 
was given and the urine kept alkaline for a week. The urine cleared, the 
clinical recovery was complete, and the soda was discontinued until 
a return of the previous conditions caused its renewal. This happened 
three times, and finally there was no further trouble. Did the growth of 
the mold cause the acidity, and the acidity the distress? 

A woman 28 years old came to me with a history of six years’ in- 
validism, with repeated attacks of suppression of the urine requiring 
catheterization of the ureters. The urine was thick with sediment, 
highly acid, and insufficient in quantity. The sediment showed highly 
refractile globules, cells I could not recognize, and leucine crystals. 
Cultures from a catheterized specimen of urine were sent to a mycologist 
and identified as belonging to Mucor, Penicilliuin and Aspergillus. 
Was it the growth of molds which periodically blocked the ureters and 
had to be cleared away by acatheter? Citro-carbonate of soda increased 
the flow of urine and reduced its turbidity, but the case was too serious 
for me to treat, so she was sent to a specialist. 

A woman 35 years old had drainage of the bile performed regularly 
for more than two years, because whenever this drainage was discon- 
tinued she would feel so badly that she could not work. Cultures made 
from the washings, which were taken under all possible precautions 
against contamination, uniformly showed a growth of Penicillium. 
Could this have any etiological significance? 


A boy seven years old had had chronic ethmoiditis for three years, and 
the parents were greatly alarmed over his condition, for there was a 
tendency to odor in the masses discharged from the nose, and the voice 
was husky and threatened to change into a cleft-palate enunciation unless 
the congestion in the vault could be reduced. Cultures from the dis- 
charge uniformly gave a growth of Penicillium. 
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A young man of 19 had for two years suffered from nasal obstruction 
caused by congestion in the nasal passages. He was always having 
severe colds and very often these affected the ears. Cultures from the 
nasal secretions showed a growth of Penicillium. 

In making cultures from the secretions of the respiratory tract, it is 
impossible to exclude contamination, for the air passing through this 
tract always contains molds. In the act of spitting the sputum into a 
container there is always a chance of contamination, and therefore the 
finding of a mold in a culture is no proof that this mold is residing in the 
respiratory tract or that its residence there would possess any pathological 
significance. During the past few months I have been examining cul- 
tures made from the sputum of cases of tuberculosis by an expert mycol- 
ogist. The cultures have so uniformly shown a growth of molds that the 
results do not seem convincing to us. It is much more reasonable to 
ascribe these results simply to contamination, and to refuse them any 
pathological significance, than to admit that these uniform results can ex- 
press real conditions in the lungs. The simplest explanation may be the 
best, and that would be to say that, since the air we breathe is full of 
molds, it must carry them wherever it goes, even into the remotest corners 
of the lungs. Ready enough to admit that cultures from respiratory 
secretions must needs show molds, we may not be at all ready to attach 
any importance to this admission. What of it? Whatif they do? The 
cheap and easy way to answer this question is to turn it down “flat” and 
refuse to consider it. One might even say that bacteria are always pres- 
ent in our bodies and yet we know that many of them dono harm. We 
also know that while harmless bacteria do us no harm, there are other 
bacteria which are harmful. It is possible that molds may exist in the 
human body under the same conditions as bacteria, and that there may 
be good molds and bad molds just as there are good and bad bacteria. 
The question is, are molds constantly resident in the human body 
and has this residence any potential pathological significance. 

How is this question to be answered? As to the constant residence of 
molds, the study of autopsy and clinical material should settle this ques- 
tion. As to the pathological significance, experimental pathology would 
have to furnish the answer. The greatest difficulty will be in arousing 
enough interest in the question to stimulate research. To arouse this 
interest, the reports of cases known to have been caused by molds should 
be carefully collected, classified and published. It is doubtful whether 
this knowledge is available as it now exists, scattered, as it is, through 
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many different sources of information; and it is quite possible that, if it 
were presented as a whole, it might stimulate research into forming a 
science of mycology analogous to that of bacteriology. Professional 
mycologists are not, as a rule, greatly interested in human pathology 
and pathologists as a rule are not greatly interested in the science of 
mycology. This fault may need to be corrected, so that pathologists 
may study molds in connection with pathological studies just as they do 
bacteria. In my limited experience I have found that the suspicion of 
molds, as furnished by examinations of the fresh specimens, has been 
directly associated with molds as pathogenic agents; that in acute at- 
tacks of colds, bronchitis and in four cases of an unknown condition called 
“flu,”? molds have been suggested in the sputum; and that two cases of 
Aspergillus never showed any reduction in the influence of the mold by a 
reduction of its appearance in the sputum. Although one case of 
Aspergillus made an exceedingly satisfactory improvement in her physi- 
cal well-being, it will be a question how long that improvement can be 
maintained, for the persistent appearance of the reproductive forms of 
the mold in the sputum suggested failure to suppress this reproduction. 
Iodides could not be used in this case because they aggravated the hyper- 
thyroidism which always distressed her. Cacodylate of soda seemed to 
relieve the hyperthyroidism, but it had no effect on the sputum. With- 
out the knowledge of this mold being in the lungs, this case would have 
been regarded as a recovery in the treatment of it as a case of tuberculosis. 
Regarded as a case of Aspergillus, the clinical conditions are seen to 
depend upon suitable conditions of living, and if these prove to be un- 
suitable the clinical conditions will promptly show their effect. To 
keep up physical vigor help is necessary. Sartory says that Aspergillus 
will not grow in a vessel containing such infinitesimal traces of silver that 
they cannot be demonstrated by chemical tests. Could we use silver in 
fighting Aspergillus? Could a vapor containing silver be drawn deeply 
into the lungs? Which is more difficult to cure, Aspergillus or tubercu- 
losis? I should say Aspergillus. 

Alternaria seems to be able to induce both acute and chronic inflamma- 
tions of the respiratory passages. The acute attacks seem to be self- 
limited, to run their course and disappear. When Allernaria is present 
in the sputum of a positive case of tuberculosis, what does this presence 
signify? Is it a complication hindering recovery or is it harmless? 
Since Alternaria seems to be able to induce inflammations of the respira- 
tory tract quite independently of the presence of tubercle bacilli, its 
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presence in a case of tuberculosis could not seem to be altogether free 
from doubt as to its harmlessness. In the two cases described, each was 
associated with functional depressions more pronounced than would be 
expected from the condition of the lungs. Every tuberculosis specialist 
is puzzled by cases that are mild in the lungs but do not regain vigor. 
Would the recognition of molds in the lungs help us to understand these 
cases? If molds could grow in the fluids of air passages without causing 
specific structural changes, postmortem histological studies might fail 
to reveal this growth or explain the secretions or functional depressions. 
We know that this happens in the fluids of the intestines, so why should 
it not happen in the lungs? 

We have many thorough reports of the effects of the growth of Monilia, 
Aspergillus, Penicillium and other fungi in the intestines. Should not 
the possibility of their growth within the lungs be studied with equal 
interest? There is already quite a formidable array of respiratory dis- 
eases caused by Aspergillus, Alternaria, Monilia, Odspora pulmonalis, 
Mucor and other molds. There are many of these cases on record; 
would this number be increased if every case of tuberculosis was studied 
to determine the presence or absence of molds within the respiratory 
passages? 

What do we know about the pathological properties of molds? We 
know that Aspergillus can secrete diastase, inulase, trehalase, invertase, 
maltase, raffinase, malizitase, emulsin, trypsin and lipase, for Bourquelod 
has proved this. Do we know what this collection of substances can 
do tous? Are structural changes the only important consequence of the 
residence of a pathogenic agent? Do we depend upon them too much 
for our recognition of these agents? Is the verdict No structural changes, 
therefore no morbid function, something too dogmatic? Or even erratic? 

It may be that the study of molds and their association with tuber- 
culosis may give us some practical points on diet. We know that a 
growth of Monilia in the intestines may induce anemias and functional 
depressions. Suppose a case of tuberculosis should happen to be com- 
plicated by intestinal Moniliasis. Would one go on stuffing such a case 
with milk and carbohydrates, ignorantly hoping for gain in weight, or 
would one rigidly exclude carbohydrates from the diet? 

A woman 55 years old came to me with a history of some kind of an 
intestinal attack in the Philippines twenty years ago, and more or less 
intestinal discomfort ever since. Her vitality was low, and she could 
not walk without too much. fatigue‘and backache. Remembering how 


76 MARY E. LAPHAM 


common is the association in the Philippines of functional depressions 
with intestinal Moziliasis, carbohydrates were taken out of the diet and 
a dose of castor oil was given once a week. The results of this slap-stick 
diagnosis and treatment were gratifying, for she regained her ability to 
walk and much of her old vitality. Suppose this had been a case of tuber- 
culosis, and the Monilia had been detected by making cultures of the 
intestinal contents, would not this method give us a more scientific com- 
prehension for the treatment of tuberculosis problems? In studying the 
fresh sputum for signs of molds, we notice that too much delay destroys 
the reproductive forms, so that it should be examined as promptly as 
possible. We also notice that the sputum may vary in accordance with 
the variety of mold associated with it. The sputum from Aspergillus, 
Penicillium and Alternaria is greenish and leaves a greenish scab when 
dried on white cloth, and this is also true of all the Demnzatiaceae. The 
sputum of Mucor is thin, slimy, and yellowish; that of Aspergillus is 
likely to be compact and fibrous. Odspora may give a pinkish scab and 
a tinged sputum sometimes distinctly pink. If recovery in tuberculosis 
is associated with the presence or absence of molds acting as pathogenic 
agents, might not research study of this relationship under the auspices of 
a Carnegie or Rockefeller scholarship greatly advance our knowledge of 
the treatment of tuberculosis? Should not every case of tuberculosis be 
studied just as much to recognize or exclude the presence of molds as that 
of tubercle bacilli? 


THE RESISTANCE OF THE ALBINO RAT TO INFECTION 
WITE TUBERCLE BACILLI 


GEORGE G. ORNSTEIN anp M. MAXIM STEINBACH 


A few workers have demonstrated experimentally the resistance of the 
albino rat to infection by the tubercle bacillus (Cobbett (1), Griffith (2), 
Weber and Bofinger (3), Gloyne and Page (4)). With this resistance has 
been noted the absence of the usual tubercle formation in the tissues, even 
after very large amounts of tubercle bacilli had been inoculated. 

We thought it would be interesting to investigate this apparent im- 
munity to infection by the tubercle bacillus, in order to see whether we 
could throw some light on the mechanism of this defense, in which there 
apparently is an immunity without any tissue reaction and the micro- 
organisms were able to multiply in large numbers in the organs of the 
animal. 

Because of the absence of tubercle formation in these albino rats in- 
fected with tubercle bacilli, our first experiment was to note how they 
would react to the administration of tuberculin. 


Experiment 1: Tuberculin sensitiveness in albino rats infected with H37 
tubercle bacilli: An intracutaneous tuberculin injection of O. T. in 1 to 
10 dilution was given to a group of normal albino rats. No reaction 
was noted, and it was assumed that tuberculosis was not present. 

An emulsion of tubercle bacilli was made as follows: 10 cc. of physio- 
logical salt solution was pipetted into a sterile test tube containing a 
dozen small glass beads. The whole growth of tubercle bacilli (H37) was 
scraped from a tube of glycerine-egg medium and placed into the salt 
solution. The tube was corked and shaken until an even emulsion was 
obtained. 

On February 13, 1923, 1 cc. of the above emulsion was injected, intra- 
peritoneally, into four albino rats. Two normal albino rats were used 
as controls. The infected rats were given intracutaneous injections at 
intervals, from the 16th to the 98th day, of 0.10 cc. of a 1 to 10 dilution 
of O. T. No reactions were noted. 


1 From the Department of Bacteriology and the Department of Tuberculosis, Vanderbilt 
Clinic, College of Physicians and Surgeons, Columbia University. 
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In 15 days one of the rats died. At autopsy there was no evidence, 
macroscopically, of tuberculosis in any of the organs. However, tuber- 
cle bacilli were isolated from a retroperitoneal lymph node. On May 2, 
1923 (178 days after infection), two of the remaining rats were killed. 
The autopsy of these rats showed no macroscopic evidence of tuberculosis. 
Sections of the liver, spleen, lungs and lymph nodes were fixed in Zenker’s 
solution. These sections, on histological examination, showed no tuber- 
cle formation. However, tubercle bacilli were demonstrated in the 
smears from the organs and in the tissue sections. Parts of the liver, 
spleen, lungs and lymph nodes were inoculated into guinea pigs, in which 
they produced widespread tuberculous infection. 

Experiment 2: A comparison of the susceptibility of guinea pigs and 
albino vats lo infection with tubercle bacilli: An emulsion of tubercle 
bacilli was made as described in experiment 1. 

On February 29, 1923, four guinea pigs were inoculated, intraperi- 
toneally, with the above emulsion. The standard dose was 1 cc. of 
emulsion per 500 gm. of the animal. Four rats were inoculated at the 
same time intraperitoneally. In two of the rats a dose, equal per weight 
of the animal to that given the guinea pigs, was injected intraperitoneally. 
In one of the rats, four times the standard dose was injected intraperi- 
toneally. In the last rat, six times the dose was given. 

The guinea pigs lived from 29 to 40 days after infection, all dying of 
widespread tuberculosis. On March 28, 1923 (29 days after infection), 
the rat which had been given six times the standard dose was killed 
accidentally during anesthesia. At autopsy there was no macroscopic 
evidence of tuberculosis. Tubercle bacilli were found in a smear made 
from an emulsion of a retroperitoneal lymph node. Part of the emulsion 
inoculated into a guinea pig produced extensive tuberculosis. 

On June Sth (97 days after infection) the rat which had received four 
times the standard dose was killed. On June 24, 1923 (116 days after 
infection), one of the rats which had received the standard dose was killed. 
At autopsy there was no visible evidence of tuberculosis in either rat. 
Sections of the organs were fixed in Zenker’s solution. The histological 
study of these sections showed no tubercle formation. Parts of the spleen, 
liver, lung and lymph nodes were inoculated into guinea pigs. These 
guinea pigs died of extensive tuberculosis. Intracutaneous injections of 
tuberculin from 15 to 85 days after infection produced no skin reactions. 
The two remaining rats showed no manifestation of disease, and gained 
in weight and appeared normal in their habits. 
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The same experiment was repeated. The emulsion of tubercle bacilli 
was modified as follows: 10 mgm. of tubercle bacilli (H37) were placed in 
10 cc. of physiological salt solution and then prepared as in experiment 1. 
The unit of inoculation was 0.1 mgm. for each 500 gm. of weight. On 
March 29, four guinea pigs were inoculated with 0.1 mgm. of tubercle: 
bacilli per 500 gm. of weight. Five albino rats were inoculated as fol- 
lows: Four were given ten times the required amount per weight and 
one twenty times the required amount per weight. The guinea pigs all 
died in from 34 to 94 days. There was no manifestation of disease in the 
rats. They seemed to be normal in their actions and gained in weight. 
On June 11, 1923 (74 days after infection), the rat which had received 
twenty times the required dose was killed. On autopsy, there was no 
evidence, macroscopically, of tuberculosis. Sections fixed in Zenker’s 
solution showed no tubercle formation. Parts of the spleen, liver, lung 
and lymph nodes were inoculated, separately, into guinea pigs and pro- 
duced extensive tuberculosis. ‘There was no skin reaction noted on the 
injection of tuberculin from time to time. 

Experiment 3: The effect of reinfection with tubercle bacilli in albino rats 
(Koch phenomenon): Three previously infected rats were reinoculated 
with an emulsion of tubercle bacilli intracutaneously. For controls, a 
normal rat and a tuberculous guinea pig were inoculated in a similar 
manner. There was no acute inflammation at the site of inoculation in 
the albino rats. In the guinea pig, at the site of inoculation an area of 
inflammation appeared, and was followed by the formation of a nodule. 
In the normal albino rat there was no inflammation at the site of inocula- 
tion. 

Experiment 4: Inasmuch as there has been no manifestation of 
sensitiveness to tuberculin in the infected albino rats, we thought that 
probably a larger amount of tuberculin might produce some evidence of 
this sensitiveness. Injections of 100, 200, and 300 mgm. of O. T. were 
made in albino rats infected with tubercle bacilli, controlled with normal 
rats. There was no manifestation of sensitiveness. On the injection of 
500 mgm. however, the infected albino rats became dyspnoeic, and lost 
considerable weight. The normal rats showed no ill effects. However, 
the infected rats did not die. The dyspnoea cleared up, and the rats 
then began to increase in weight. 

Summary: We corroborated the work of others, and demonstrated 
again the remarkable immunity of the albino rat to infection with the 
tubercle bacillus. It is especially interesting to note that in this im- 
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munity cellular reaction plays no part, and that the tubercle bacilli 
survive in the organs of the animals without any impairment of viru- 
lence. There has been no manifestation of tuberculin sensitiveness. 
On reinfection with tubercle bacilli, no acute inflammatory process was 
noted, as occurs in the guinea pig. One thing is apparent, namely, 
that the mechanism of immunity is in no way concerned with any cellular 
reactions (tubercle formation) and the sensitiveness to tuberculin which 
runs parallel with tubercle formation. 

Apparently the usual form of immunity is not exhibited by the albino 
rat. We therefore continued our investigation further with the follow- 
ing objects in view: 

First, to give the albino rat a much larger amount of tubercle bacilli 
than the guinea pig. 

Second, to find out how soon tubercle bacilli are distributed through the 
organs of the albino rat. 

Third, to find out whether the tubercle bacilli are in the blood-stream 
of the albino rat. 

Fourth, whether there is any evidence of antibodies in the humoral 
system of the albino rat before and after infection. 

Experiment 5: In order to procure a homogeneous emulsion of tubercle 
bacilli, to an equal amount of N/10 sodium hydroxide containing a 2 
per cent solution of cottonseed oil, a 3.5 per cent solution of mucilage 
of acacia was added. The mixture, after being well mixcd, ‘was auto- 
claved for 15 minutes at 15 Ibs. pressure: 10 mgm. of tubercle bacilli 
were added to the mixture. 

On December 24, 1923, twelve albino rats were inoculated intraperi- 
toneally with 0.33 mgm. of tubercle bacilli, and four guinea pigs intra- 
peritoneally with 0.0033 mgm. of tubercle bacilli. On December 27, 
1923 (3 days after infection), rat no. 1 was bled from the heart. The 
blood was received in a syringe containing a 1 per cent solution of sodium 
citrate. The animal was then killed. On autopsy, there was no macro- 
scopic tuberculosis. An emulsion was made separately of 0.1 gm. of 
tissue of the lung, the liver, the spleen and the combined lymph nodes, 
and 1 cc. of each emulsion was then inoculated intraperitoneally into 2 
guinea pigs, while 1 cc. of the citrated blood was also inoculated intra- 
peritoneally into 2 guinea pigs. Parts of the lung, lymph nodes, liver 
and spleen were fixed in Zenker’s solution and absolute alcohol. Smears 
were made from the emulsion of the organs for examination for tubercle 
bacilli. The guinea pigs inoculated with emulsion of the various organs 
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developed widespread tuberculosis. The guinea pigs inoculated with the 
citrated blood, however, showed no evidence of tuberculosis. 

Rat no. 2: Four days after infection, rat no. 2 was bled from the heart, 
the blood being saved for complement-fixation reactions. The animal 
was then killed. The autopsy disclosed no tuberculosis. An emulsion 
was made of 0.1 gm. of tissue of each lung, liver, and spleen, and of the 
bronchial, retroperitoneal, axillary and inguinal lymph nodes, and 1 cc. 
of each emulsion was inoculated into 2 guinea pigs, while sections of the 
organs were fixed in Zenker’s solution and absolute alcohol. A smear 
from the emulsion of the retroperitoneal lymph node showed acid-fast 
bacilli. The animals inoculated with liver, spleen and retroperitoneal 
lymph nodes died of an extensive tuberculosis in from 46 to 155 days. 
In the histological sections of the rat no tubercle formation was seen. 
Tubercle bacilli were demonstrated in these sections. 

Rat no. 4: On January 9, 1924 (16 days after infection), rat no. 4 was 
bled from the heart. The blood was saved for complement-fixation 
reactions. The animal was then killed. On autopsy, there was no 
macroscopic tuberculosis. An emulsion was made in physiological salt 
solution of 0.1 gm. of tissue from the lung, spleen and liver. An emul- 
sion was made also of the inguinal, retroperitoneal, axillary and bronchial 
lymph nodes, and 1 cc. of each emulsion was inoculated into 2 guinea 
pigs. Extensive tuberculosis developed in the guinea pigs inoculated 
with lung, spleen, liver, and retroperitoneal and bronchial lymph nodes. 
No tuberculosis was noted in the guinea pigs inoculated with the in- 
guinal and axillary lymph nodes. Sections of the lung, spleen, liver and 
lymph nodes were fixed in Zenker’s solution and absolute alcohol, but 
showed no tubercle formation. 

Rai no. 5: On January 11, 1924 (18 days after infection), rat no. 5 was 
bled from the heart. The blood was put into a test-tube containing a 
1 per cent sodium-citrate solution. Equal parts of the citrated blood were 
inoculated intraperitoneally into 2 guinea pigs. The animals were killed. 
On autopsy, there was no macroscopic tuberculosis. Sections of the 
liver, spleen, lung and lymph nodes were fixed in Zenker’s solution and 
absolute alcohol. An emulsion of 0.1 gm. of the tissue of the lung, liver, 
spleen, axillary lymph nodes, and a combination of the bronchial and 
retroperitoneal lymph nodes were made in physiological salt solution, and 
1 cc. of each emulsion was inoculated into 2 guinea pigs. All the organs, 
the lymph nodes, and the citrated blood produced tuberculosis in the 
guinea pigs. The sections showed no tubercle formation. 
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Rat no. 10: On February 22, 1924 (60 days after infection) rat no. 10 
was bled from the heart, the blood being saved for complement-fixation 
reactions. The animal was then killed. There was no tuberculosis. 
Sections of the liver, spleen, lung and lymph nodes were preserved in 
Zenker’s solution and absolute alcohol. An emulsion in physiological 
salt solution of 0.1 gm. of each organ was made, as well as a similar emul- 
sion of all the lymph nodes combined and 1 cc. of each emulsion was 
separately inoculated into 2 guinea pigs. All the guinea pigs developed 
extensive tuberculosis on autopsy. ‘The sections of the rat tissue showed 
no tubercle formation. 

Rat no. 9: On March 13, 1924 (79 days after infection), rat no. 9 was 
bled from the heart. The blood was poured into a test-tube containing 
a 1 per cent sodium-citrate solution. Equal parts of the blood were 
inoculated intraperitoneally into 2 guinea pigs. The animal was then 
killed. There was no macroscopic tuberculosis. Sections of the 
spleen, liver, lung and lymph nodes were preserved in Zenker’s solution 
and absolute alcohol. Smears were made from all the organs. An 
emulsion was made in physiological salt solution of 0.10 gm. of the spleen, 
liver, lung and lymph nodes, and 1 cc. of each emulsion was inoculated 
separately into two guinea pigs. All developed extensive tuberculosis. 
The citrated blood also produced tuberculosis. The sections showed no 
tubercle formation. ‘Tubercle bacilli were demonstrated in the smears 
and sections. 

Rats nos. 3, 6, 8 and 11 died of bronchopneumonia. Sections of the 
spleen, liver, lung and lymph nodes, inoculated into guinea pigs, pro- 
duced widespread tuberculosis. 

Rats nos. 7 and 12 were found dead on March 4. They had been 
chewed by the other animals in the cage to such an extent that the cause 
of death could not be determined. Sections of all the above animals were 
preserved in Zenker’s solution and absolute alcohol, and tubercle bacilli 
were demonstrated in them. 

All 4 guinea pigs used as controls died of widespread tuberculosis. 
The average time for death to take place was at eighty-eight days. 

Experiment no. 6: On April 1, 1924, three normal rats were inoculated 
with 0.4 mgm. of tubercle bacilli intraperitoneally. On April 28, 1924, 
the same procedure was repeated. On May 8, 1924, one of the rats (40 
days after infection) was killed. A combined emulsion of its spleen and 
liver was then inoculated into 2 guinea pigs. Sections of the organs were 
preserved in Zenker’s solution and absolute alcohol. The guinea pigs 
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were killed a few days later by mistake. There were a few tubercles in 
the liver only. The sections of the rat showed no tubercle formation. 
However, tubercle bacilli were demonstrated in the sections. The ci- 
trated blood inoculated into a guinea pig produced tuberculosis. 

Experiment no. 7 (control): Two normal rats were bled from the heart, 
the blood being received in a citrated tube. Equal parts of this citrated 
blood were inoculated intraperitoneally into 2 guinea pigs. An emul- 
sion in physiological salt solution was made of the liver, spleen, lung 
and the combined lymph nodes, and 1 cc. of each emulsion was inocu- 
lated separately, intraperitoneally, into 2 guinea pigs. The guinea pigs 
showed no tuberculosis at autopsy. 

Note: Four rats remained alive from the experiments of the previous 
year. Only one of the rats could be identified. On April 22, 1923, this 
rat had been inoculated, intraperitoneally, with 1 cc. of an emulsion of 
tubercle bacilli. ‘The emulsion consisted of the whole growth of tubercle 
bacilli from a tube of glycerine-egg medium in 10 cc. of physiological salt 
solution. On March 17, 1924 (330 days after infection), the animal was 
bled from the heart and the blood saved for complement fixation. Part 
of the blood was put in 1 per cent sodium-citrate solution. Equal parts 
of this citrated blood were inoculated into 2 guinea pigs, which did not 
become tuberculous. Sections of the lung, liver, spleen and lymph 
nodes were preserved in Zenker’s solution and absolute alcohol. An 
emulsion was made of 0.1 gm. of the lung, liver, the spleen and the com- 
bined lymph nodes in physiological salt solution, and 0.1 cc. of each 
emulsion was separately inoculated into two guinea pigs. The guinea 
pigs all died of tuberculosis. The guinea pigs into which the citrated 
blood was inoculated showed no tuberculosis, and the sections presented 
no tubercle formation. 


COMPLEMENT-FIXATION REACTIONS 


We thought it would be interesting to find out whether there was any- 
thing in the humoral system of the albino rat that could account for this 
resistance to tuberculous infection by tubercle bacilli, and therefore did 
a series of complement-fixation tests. The following technique was 
followed: 

Complement: Guinea pig serum was used for complement, which was 
titrated before being used. The minimal unit producing hemolysis was 
determined, and the dose doubled in the test. If more than 0.15 cc. 
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of a 10 per cent solution of complement was required in the single dose, 
it was discarded as being too weak. 

Antigen: Petroff’s glycerine antigen was used. This antigen was di- 
luted 1 to 30 in physiological salt solution, and 0.1 cc. was used as a unit. 

Miller’s antigen was also used, and made up fresh before each test. 
The same strain of tubercle bacilli (305) as inoculated into the albino rats 
was used. The antigen was titrated against a known positive serum 
before each test. 

Hemolytic system: Sheep red cells, washed thoroughly and diluted 1 
to 20 in physiological salt solution, were used. Antisheep red cell 
sensitizer from the rabbit, titrated before each test, was used. The 
sensitizer and red cell solutions were mixed before adding them to the 
tubes. The unit was 0.5 cc. 

Serum: The serum to be tested was inactivated at 56°C. for thirty 
minutes, on the same day it was withdrawn from the animal. The 
serum at times was kept for many days before being tested. We there- 
fore inactivated it at once, and placed it in sterile and tightly corked 
test-tubes, which were kept in the ice-chest until the time of the test. 
The unit was 0.1 cc. 

The test: In a Wassermann tube was placed 0.1 cc. of serum (to be 
tested), twice the single dose of complement required for hemolysis, and 
0.1 cc. of antigen solution. Physiological salt solution was added to 
make up the volume to 1 cc. 

The tube was placed in a water-bath at 37°C. for one and a half hours, 
and 0.5 cc. of sensitized red cells was then added and the tube well shaken. 
The tube was allowed to remain in the water-bath for from 15 to 30 
minutes. ‘The tube was then placed in the ice-chest and read the next 
morning (24 hours later). 

Controls: The serum control consisted of 0.1 cc. of serum, twice the 
single dose of complement required for hemolysis, and physiological salt 
solution to make 1 cc. After one and a half hours in the water-bath, 
0.5 cc. of sensitized red cells was added. 

The antigen control consisted of twice the unit of antigen (0.2 cc.), 
twice the single unit of complement required for hemolysis, and physio- 
logical salt solution to make 1 cc. After one and a half hours in the 
water-bath at 37°C., 0.5 cc. of sensitized red cells was added. 

The complement control consisted of twice the single unit of com- 
plement and physiological salt solution tomake up icc. After one and a 
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added. 


TABLE 1 
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half hours in the water-bath at 37°C., 0.5 cc. of sensitized red cells was 


SERUM 
CONTROL 


ANTIGEN ALEXIN 
CONTROL | CONTROL 


COMPLEMENT- 

FIXATION 

REACTION 

The combined serum of three normalalbino rats....| ++++ 
The combined serum of the above rats 14 days after 

The serum of one of the above rats 76 days after 

The serum of another of the above rats 76 days 

The serum of an albino rat 60 days after infection. ..} +-+-++ 

The serum of an albino rat one year after infection. .} ++++ 

The serum of a normal albino rat................ ft 

The serum of a normal albino rat................ a. 4-4-4 

A known positive human serum.................-| 


No hemolysis = +-+-++. 


Complete hemolysis = —. 
TABLE 2 
COMPLEMENT-FIXATION REACTIONS 
NORMAL ANIMALS 
++++ | +++ | ++ + 
6 
2 1 
++++ = no hemolysis. 
+++ = slight hemolysis. 
++ = partial hemolysis. 
+ = almost complete hemolysis. 
_ = complete hemolysis. 


A positive human serum was used as a control. 


Tables 1 and 2 demonstrate the results obtained in normal and tuber- 


culous albino rats and also in other normal animal 


Only four plus and three plus reactions were considered positive. 


NUMBER 
OF TESTS 
6 
2 
3 
1 3 
2 2 
1 2 
1 2 
1 2 
1 1 
1 1 
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| 
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CONCLUSIONS 


1. Albino rats infected with tubercle bacilli show no manifestation of 
the disease. There is no question that the albino rat is resistant to 
tuberculous infection. This resistance is tremendous compared to that 
of the guinea pig. 

2. On autopsy of such infected rats, there is no macroscopic or micro- 
scopic evidence of tuberculosis. However, tubercle bacilli can be 
demonstrated in the tissues of the animal, either in the smears or in the 
histological sections of the organs. The inoculation of any part of the 
organs produced tuberculosis in guinea pigs. 

3. The virulence of the bacillus is in no way diminished, as is shown by 
the widespread infection produced in guinea pigs after the inoculation of 
an emulsion of any of the organs of the infected albino rat. 

4. There is no tuberculin sensitiveness in infected albino rats. They 
are able to resist a large amount of tuberculin injected intraperitoneally. 

5. There is no evidence of the Koch phenomenon on reinoculation of 
tubercle bacilli in an infected albino rat. 

6. After inoculation of an emulsion of tubercle bacilli into an albino 
rat, the bacilli are quickly distributed through the organs and lymph 
nodes. In some cases the bacilli are found in the blood-stream. 

7. Complement-fixing antibodies were found in the blood of both the 
normal and tuberculous infected albino rats and are apparently not in- 
creased after infection. Fixing antibodies were also found in the normal 
white mouse and the sheep. The presence of small amounts of comple- 
ment-fixing antibodies, as expressed by a one or two plus reaction, was 
noted in the rabbit, the horse, the goat, the ox and the monkey. No 
evidence of complement-fixing antibodies was noted in the guinea pig, 
the dog and the pigeon. 
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